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INTRODUCTION
O bjective
The main o b jec tiv e  o f  th is  study was to  obtain  q u a n tita tiv e  
and q u a lita t iv e  inform ation on three populations o f  Peromvscus 
m aniculatus. These populations are lo ca ted  in  three geographic­
a l ly  c lo se  and e c o lo g ic a l ly  s im ila r  areas separated by water 
b a rr iers; L i t t l e  Bird I s la n d , Flathead Lake; L i t t l e  B u ll Is la n d , 
Flathead Lake; and an area on the mainland e a s t  sh o re , one quarter  
m ile north o f  the U n iversity  o f  Montana B io lo g ic a l S ta tio n  a t  
Yellow Bay, Flathead Lake. Peromvscus m aniculatus was the only  
sm all mammal occurring in  a l l  three p la c e s , and i t  i s  th is  f a c t ,  
rather than any q u a lity  o f  the animal i t s e l f  which makes i t  id e a l  
for  the presen t stu d y . Moreover, because the range o f  Peromvscus 
m aniculatus i s  so large  — most o f  North America — the sp ec ie s  has 
been used in  many population  and behavioral s tu d ie s . Consequently, 
much o f  the data presented here can be compared to  other f in d in g s . 
Trapping and observations on other is la n d s a t  the southern end o f  
Flathead Lake gave inform ation on mammal d iv e r s ity .
Previous Work
The idea  th a t is la n d s  may have d is t in c t iv e  faunas or ig in a ted  
w ith  Darwin's Galapagos s tu d ie s  and W allace's work in  the Malay 
A rchipelago over a century ago. They were in te r e s te d  in  part in  
the i s o la t io n  provided by is la n d s as the prime p rereq u is ite  to  
e v o lu tio n .
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More recen t s tu d ie s  have d e a lt  w ith  organism and population  
d iffe r e n c e s  due to  the nature o f  the environment, such as d iffe re n c es  
in  d e n s ity , as w e ll  as w ith  s e le c t io n  pressure and ev o lu tio n .
The r e la t io n sh ip  o f  h a b ita t to  population d en s ity  i s  u n clear .
In Sheppe*s study o f  Peromvscus leuconus on the is la n d s  o f  Lake 
Opinicon, Ontario ( I 965 b ) , the d en sest population  was found on an 
is la n d  w ithou t unusually  favorable h a b ita t . The next d en sest  
population  was on an open, dry is la n d  — con d ition s under which 
th is  sp ec ie s  does n ot u su a lly  l i v e .  Some is la n d s  w ith  few or no 
mice had large  areas and apparently su ita b le  h a b ita t to  support 
su b s ta n tia l populations $
The importance o f  is la n d  s iz e  in  d ic ta t in g  i t s  sp ec ie s  
d iv e r s ity  i s  d isp u ted . Webb ( I 965) found th a t is la n d  s iz e  had no 
e f f e c t  on sm all mammal sp ec ie s  d iv e r s ity  on three is la n d s  in  
Adirondack la k e s . E a r lie r , Hatt e t  a l . (1948) had found th a t the  
faunal d iv e r s ity  varied  d ir e c t ly  w ith  is la n d  s iz e  for is la n d s  o f  
ea stern  Lake M ichigan, but hypothesized  th a t the decrease in  
d iv e r s ity  r e su lte d  d ir e c t ly  from a decrease in  the number o f  p lan t  
communities on the sm aller is la n d s , and was n o t , th e re fo re , due 
d ir e c t ly  to  s i z e .
I s o la t io n  i s  a fa c to r  in  sp e c ie s  d iv e r s ity  in  some c a se s , as 
reported  by Cameron (1958) for  is la n d s  in  the G ulf o f  S t .  Lawrence, 
and Hamilton and R ubinoff (19&7) for  Darwin’s fin ch es in  the  
Galapagos A rch ipelago.
In g en era l, is la n d s  support fewer sp ec ie s  than an area o f  
equal s iz e  on the adjacent mainland (Cameron, I 965) '  With le s s
com petition  from other s p e c ie s ,  is la n d  in h ab itan ts are g iven  greater  
e c o lo g ic a l  opportim ity (S eland er, 1966? Grant, 19^5* C row ell, 1962; 
van Valen, I 965) .  This may lead  to  m orphological d if fe r e n t ia t io n *  
Selander ( I 966) c i t e s  a case o f  sexu a l dimorphism o f  feed in g  
stru ctu res  and other m orphological dimensions a sso c ia te d  w ith  the  
u t i l i z a t io n  o f  subniches by three sp e c ie s  o f  b irds in  H a iti and 
C entral America* Grant ( I 966) has q u a n tita t iv e ly  compared some 
anatom ical fea tu res  o f  b ird s o f  the same sp ec ie s  occurring in  
Mexico and on the Tres Marfas I s la n d s , ^0 m iles offshore* The 
same had been done w ith  b i l l  measurements o f  three sp ec ie s  o f  
b irds in  the Bermudas and sou theastern  North America by Crowell (1962)* 
R ecen tly , se v e r a l workers have found th a t is la n d  mammals may 
have unusual s k u l l  and d en ta l fea tu res * *more freq u en tly  than i s  
g en era lly  si^posed" (Grant, I 965» P« 3 6 ? )« Dental p e c u lia r it ie s  
are probably a sso c ia ted  w ith  an unusual d ie t  (Grant, 1965)*
Two w orkers, B en d ell (1959) and Sheppe ( I 965 b ) , have in tro »  
duced mice onto an is la n d  and supplemented the n atu ral food supply*
Both authors reported la rg er  populations w ith  the increased  food 
supply* However, th e ir  conclusions d iffe r *  B endell hypothesized  
th a t arlH-ing food increased  su ccess by, most im portantly , a id in g  the 
su rv iva l o f  young from b ir th  to  one month o f  age* Sheppe proposed 
th at adding food increased  population d en s ity  by reducing in tr a s p e c if ic  
com p etition , lead in g  to  a reduction  in  em igration from the island *  
Because he found no evidence o f  a shortage o f  n atu ra l food, he 
f e l t  i t  was u n lik e ly  th a t added food promoted su rviva l*
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The r e s u lt s  o f  food h a b it s tu d ies  (Jameson, 1952; W illiam s, 1955» 
W illiam s, 1959» W illiam s and Finney, 1964) show th a t deer mice are  
opportunists*  Because the sp ec ie s  range i s  so large  they must be 
ab le  to  take advantage o f  many sources o f  food.
Their d ie t  c o n s is ts  o f  se e d s , stem and l e a f  fragm ents, and 
arthropods; the r e la t iv e  proportions o f  which vary w ith  the season  
and geographic lo ca tio n *  In a lodgepole pine h a b ita t arthropod  
remains composed 80 per cen t o f  stomach contents in  e a r ly  Ju ly .
B y 'ear ly  September seeds composed 82 per cen t o f  the d ie t  w h ile  
arthropods had dropped to  four per cen t (W illiam s, 1959)# In 
another stu d y , 38 per cen t o f  the mice had eaten  a fungus, Endogone 
(W illiam s, 1964). Jameson (1952) analyzed stomach contents from the  
northern S ierra  Nevada and found th a t arthropods were the one 
con stan t s ta p le  during a l l  seasons* B esides t h i s ,  c o n ifer  se ed s ,  
a c o m s , and manzanita b e r r ie s  were common in  w inter stomach con ten ts;  
in  the spring cutworms and lea v es  from forbs ; seeds o f  forbs and 
g r a sse s , and cutworms in  autumn, w ith  a gradual return  to  the  
w inter d ie t .
In stomach co n ten ts , s p e c i f ic  p lan ts are d i f f i c u l t  to  id e n t i fy ,  
and s in ce  none o f  the former s tu d ie s  are from w estern Montana, sp ec ie s  
names would not be o f  u se .
In view  o f  the o p p ortu n istic  food h ab its o f  P. m aniculatus and 
the abundance and v a r ie ty  o f  v e g e ta tio n  present on each p lo t  used  
in  th is  stu d y , there i s  l i t t l e  reason to  b e lie v e  th a t the food  
supply was in  any way lim it in g  for  any pop ulation .
In 1961 Halvorson and Fairman l i v e  trapped on the w estern s id e  
o f  L i t t le  B ird Islan d  for  a period o f  19 days in  J u ly . Although th is  
was p rim arily  a comparative trap  spacing stu d y , they  recorded mouse 
population  data and found an unusually high d en s ity  o f Peromvscus. 
Immediately south  o f  the mainland p lo t  used in  th is  stu d y , l iv e  
trapping has been conducted for  one week in  ea r ly  August, each year  
for  20 years (1948-1967) on the U n iv ersity  o f  Montana mammal p lo t .^
Prior to  the presen t stu d y , however, no one attem pted to  compare 
two or more P. m aniculatus populations in  the Flathead Lake a rea , 
or to  compare is la n d  w ith  mainland pop u lation s.
How the n atu ral rodent populations were e s ta b lish e d  on the  
is la n d s  i s  unknown. The is la n d s  have been separated from the  
mainland probably s in ce  the most recen t g la c ia t io n , a t  l e a s t  10,000  
years ago. Clues to  d isp e r sa l have been found in  the behavior o f  
m ice. Experiments have shown th a t mice swim w e ll  and w i l l  do so  
r e a d ily  (Sheppe, I965 a ) .  There i s  evidence th a t they o r ien t  
v is u a l ly  to  sh ore , and do not leave  one is la n d  u n less another i s  in  
s ig h t .  P. leuconus in d iv id u a ls  are known to  have d ispersed  by 
swimming •=- m ostly l e s s  than 200 f e e t ,  but one went 765 f e e t  
(Sheppe, 1965 a ) .  At Flathead Lake (F igures 1 and 2 , and Table 1) 
L it t le  Bird Inland l i e s  about 3200 f e e t  from the mainland. L i t t le  
B u ll Is lan d  i s  950 f e e t  from the w est shore o f  the la k e , but B a tt le ­
sh ip  Islan d  i s  s itu a te d  between the two, and the lo n g e st water 
d ista n ce  from the mainland to  L i t t le  B u ll Islan d  i s  5^5 f e e t .  Big
 ̂ data on f i l e  a t  the Department o f  Zoology, U n iv ersity  o f  Montana,
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B u ll I s la n d , 680 f e e t  to  the e a s t ,  provides another p o ss ib le  source  
o f  mice for  the L i t t le  B u ll population»
I t  i s  thought th a t P» m aniculatus reached is la n d s  o f f  the co a st  
o f  B r it is h  Columbia on n atu ral r a f t s  (McCabe and Cowan, 19^5)• £•
m aniculatus co lon ized  the is la n d s o f  Basswood Lake, Minnesota probably 
over ic e  in  w inter and by r id in g  on driftw ood in  the summer (B eer, 
Lukens, and O lson, 195^)« During e s p e c ia l ly  co ld  w in ters portions  
o f  the southern end o f  Flathead Lake, around the i s la n d s , rep orted ly  
freeze  over , thus f a c i l i t a t in g  d isp e r sa l o f  non-hibernating anim als.
Denman (1965) a ttr ib u te s  d is tr ib u t io n  d iffe re n c es  to  d iffe re n c es  
in  behavior o f  various animals th a t fin d  them selves aboard driftwood  
r a f t s ;  w i l l  they  swim or stay? Of the sp ec ie s  reaching an is la n d ,  
those who f in d  th e ir  h a b ita t requirem ents s a t i s f i e d  succeed (C row ell,
1963) .
Study Areas
Big Bird Is la n d » -  O r ig in a lly , trapping was to  have been conducted 
in  part on Big Bird Islan d  in stea d  o f  L i t t le  B u ll Is la n d . A f i f t y  
fo o t  g r id  was marked out on a 2 .4  acre area on the w estern s id e  o f  
Big Bird Is la n d . Live traps were s e t  out and trapping was begun on 
June 2 6 , 1967. A fter  three n igh ts o f  trapping there had been no s ig n  
o f  any sm all mammals and an attem pt was made to  survey the is la n d  
mammal fauna. S ix ty  snap trap  s ta t io n s  were e sta b lish ed  on the is la n d  
and two b a ite d  snap traps were placed a t  each s ta t io n . Traps were 
placed in  every type o f  h a b ita t on the is la n d . A fter  three com pletely  
u n su ccessfu l n igh ts o f  trapping (no captures and no sprung tr a p s ) , the
F igiires 1 and 2 » Map o f  Is la n d s  W est o f  F in le y  P o in t  and Map o f  
Is la n d s  North o f  F in le y  P oint* The two fo llo w in g  maps are  e n la r g e ­
ments o f  tr a c in g s  taken  from a e r ia l  photos k ep t in  th e  Lake County 
Records O ffic e  in  P o iso n , Montana* The l e v e l  o f  th e  la k e  f lu c t u a t e s  
about e ig h t  f e e t  each y e a r , b e in g  low er during w in te r  and e a r ly  
spring* W ith th e  low er w ater l e v e l ,  20 t o  30 f e e t  o f  bare rock  are  
added around th e  p er ip h ery  o f  m ost is la n d s*  The p lo t  a rea s were 
n o t en larged  a t  t h i s  time* The photos were taken  during summer, so  
the is la n d  areas r e f l e c t  th e  summer w ater le v e l*  S c a le s  4  in c h e s  = 
1 m ile* Contour in t e r v a l  = 40 fe e t*
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Table 1« S h o rtest D irect D istances 
Between P lo ts  and Islan d s
Locations D istance in  f e e t
F in ley  P oin t to  Narrows V i l la , ea stern  is la n d  1,900
Narrows V illa s  eastern  is la n d  to  w estern  is la n d  69O
Narrows V i l la ,  w estern is la n d  to  Big B u ll Islan d  69O
Big B u ll Is lan d  to  L i t t le  B u ll Islan d  69O
L i t t le  B u ll Is lan d  to  B a ttle sh ip  Islan d  425
B a ttle sh ip  Is la n d  to  w est shore 5^5
L i t t l e  B u ll Is la n d  to  w est shore 950
F in ley  P oin t to  L i t t le  Bird Islan d  3 ,220
L i t t le  B ird Is la n d  to  Big Bird Islan d  1,060
F in ley  P oin t to  c lo s e s t  sm all is la n d  to  the north 2,170
sm all is la n d  e a s t  o f  L i t t le  Bird to  L i t t le  Bird 320
sm all is la n d  e a s t  o f  L i t t le  Bird to  Big Bird 370
L i t t le  B ird Islan d  to  L i t t l e  B u ll Is lan d  12,940
Mainland p lo t  north o f  Yellow Bay to  L i t t le  Bird 33 f 800
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Table 2 . Areas o f  P lo ts  and Islands
Location F e e t^ Acres
Mainland p lo t 105.000 2 .40
L i t t le  B ird Islan d
t o t a l  in h ab itab le  area 152,460 3 .50
w estern s id e 69.670 1.60
eastern  s id e
in h ab itab le  area 82,790 1.90
trappable area 47,920 1.10
bridge 4 ,360 .10
L i t t le  B u ll Islan d 1 , 200,500 27.60
p lo t  area 105.000 2 .40
Big Bird Islan d 1 , 215.320 27.90
sm all is la n d s  e a s t  o f  L i t t le
B ird Islan d about 43.000 1.00
B a ttle sh ip  Islan d 119,800 2 .75
Narrows V i l la ,  w estern is la n d 100.190 2.30
Narrows V iU a , eastern  is la n d 115.440 2 ,65
Big B u ll Is lan d 4 , 303.730 98.80
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traps were c o lle c te d  and the p lo t  abandoned (Figure 3)*
In e a r ly  Jime I968 , snap traps were again  placed a t  the same 
s ta t io n s  and tended fo r  two n ig h ts  • Nothing was captured and no other  
s ig n s o f  sm all mammals were observed*
I t  i s  su rp r isin g  th a t an is la n d  o f  th is  s iz e  and proxim ity to  
other small mammal populations remains uninhabited . The is la n d  l i e s  
about 1 ,030 f e e t  north o f  L i t t le  Bird Island* The northernmost o f  the 
s e r ie s  o f  t in y  is la n d s  ly in g  e a s t  o f  L i t t le  Bird Islan d  (Figure 2) 
would f a c i l i t a t e  the t r ip  from L i t t le  Bird to  Big Bird «= the lo n g est  
water d istan ce  being about 370 f e e t ,  which i s  p o ss ib ly  w ith in  swimming 
range o f  a sm all mammal.
The v eg eta tio n  on parts o f  Big Bird Islan d  i s  q u ite  s im ila r  to  
both s id e s  o f  L i t t le  B ird Islan d  ( Table 3)« Most o f the l iv e  trap  
p lo t  was s itu a te d  in  one o f  the more open areas o f  the is la n d , but 
i t s  ea stern  portion  was in  dense, t a l l  shrubbery c o n s is t in g  m ostly  
o f  Spiraea and Phvsocarpus* The northern h a lf  o f  the is la n d , a 
n o rth -fa c in g  s lo p e , supports a p in e - f ir  overs to r y , some shrubbery, 
and dense growth o f  various m osses, averaging about s ix  inches deep*
Many sp ec ies  o f  b irds use th is  is la n d  in te n s iv e ly  for  nesting*
Among them are the Canada g e e se , great blue herons, osp reys, and 
crows « Although the herons may prey upon sm all mammals, i t  seems 
th a t the d e n s ity  o f  the v eg eta tio n  would keep the sm all mammals from 
being exterm inated. The p o s s ib i l i t y  o f  other predators (b ird  or 
mammal) having been presen t a t  one time i s  not excluded*
The in te r io r  o f  the is la n d , where herons e s p e c ia l ly  n e s t  in  large  
numbers, i s  generously  coated w ith  th e ir  excrement — perhaps to  the
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e x te n t th a t  i t  would be in h ib it in g  to  sm all mammals*
In an attem pt to  f in d  another Peromvscus population to  stu d y , 
four more is la n d s or groups o f  is la n d s  were surveyed*
The sm all is la n d s  e a s t  o f  L i t t le  Bird Is la n d * -  A t o t a l  o f  
17 l iv e  traps were s e t  on f iv e  o f  th ese  sm all is la n d s  (Figure 2)*
Three n ig h ts  o f  trapping in  J u ly , 196?, Y ielded  no sm all mammals*
T otal combined area o f  th ese  is la n d s  a t  the time was probably 
about one a cre . The v eg eta tio n  resem bles th a t o f  the w estern s id e  
o f  L i t t le  Bird Islan d
B a ttle sh ip  I s la n d . -  T hirty snap traps were placed on th is  
2 .75  acre is la n d  w est o f  L i t t le  B u ll (Figure 1 ) .  There were 10 
s ta t io n s  w ith  three traps per s ta t io n . Two n igh ts o f  trapping in  
e a r ly  August y ie ld e d  no mammals. S q u irre ls  were heard, but not seen . 
The v eg eta tio n  i s  s im ila r  to  th a t o f  L i t t le  B u ll Is la n d .
Narrows V i l la ,  w estern is la n d . -  On the morning o f  August 4 ,
1967, 30 snap traps were s e t  on the more w e ste r ly  o f  the two 
is la n d s  o f  Narrows V il la  (Figure 1 ) .  Three traps were s e t  a t  each  
o f  10 s t a t io n s ,  which were approxim ately 100 f e e t  ap art.
The fo llow in g  morning e ig h t  mice were c o lle c te d  and one more 
re lea sed  w ith  an in ju red  hind l e g .  F ive o f  the mice had been damaged 
by h eat and a n ts , and i t  i s  suspected  th a t they had been trapped long  
before sundown on the previous day.
Two o f  the mice c o lle c te d  a t  the same s ta t io n  toward the southern  
end o f  the is la n d  were o f  unusual co lor  : one was pale  gray, and the
second was darker, but s t i l l  d e f in i t e ly  l ig h te r  in  co lor  than the 
remainder o f  the mice trapped. The m olt l in e s  o f  the two mice were
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F im ire 3 . Map o f  B ig  B ird  I s la n d ,  show ing lo c a t io n  o f  l i v e  tr a p  
s t a t io n s  (<*) and approxim ate lo c a t io n  o f  snap tr a p  s t a t i o n s  ( x ) , S c a le :  
1“ in c h  = 150 f e e t .







F igtire 4 . Map o f  Narrous V i l l a ,  W estern Is la n d »  T o ta l a rea  i s  2»3  
a cres*  L ive tra p  s t a t io n s  a re  shown by ( • ) ,  snap  tr a p  s t a t i o n s  by  
( x ) .  S c a le ;  in ch  = 50 fe e t*
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un usual fo r  t h i s  s p e c ie s .  The p a le  gray mouse was o f  a uniform  c o lo r  on 
i t s  back e x c e p t fo r  a dark gray patch  in  th e  c en ter  o f  the back a t  
th e  l e v e l  o f  th e  sh o u ld e r s . The darker mouse had a s e m i-c ir c u la r  
m olt l i n e  about one cen tim eter  a n te r ia d  to  th e  base o f  the t a i l .
The area  a t  th e  base  o f  th e  t a i l  as w e l l  as th e  l a t e r a l  p o r tio n s o f  
the dorsum were p a le  brown. Down the c en te r  o f  the back was a darker 
brown s t r i p e ,  w ith  i n d i s t in c t  b o rd ers , w hich d iverged  in to  a sem i­
c i r c l e  to  form the m olt l i n e .
The s i x  norm ally  c o lo r ed  m ice had a d u lt  p e la g e . The presen ce  
o f  d e f in i t e  m olt l in e s  on th e  two ab erran t m ice le a d s  to  the id ea  th a t  
th ey  were su b a d u lt , The gray fem ale had ev id en ce  o f  b e in g  parous 
(corp ora  lu t e a  and p la c e n ta l  s c a r s ) .  The o th er  unusual m ouse, a ls o  
a fem a le , had more than te n  sm a ll gran u les in  each ovary , which may 
have been c y s t s .  This c o n d it io n  was n oted  a ls o  in  another fem ale  
c o l l e c t e d  a t  th e  sou th ern  end o f  th e  is la n d *  N e ith er  o f  th e se  two 
anim als showed ev id en ce  o f  b e in g  parous*
Subsequent l i v e  trap p in g  over the e n t ir e  is la n d  y ie ld e d  no more 
m ice and th e  p lo t  was abandoned. Two m ales were l i v e  trapped in  th e  
sp r in g  o f  I 968 during th ree  n ig h ts  o f  trapping* One o f  th e se  was 
l i g h t e r  in  c o lo r  than normal*
The dominant p la n t  on th e  is la n d  was P h ilad eln h u s l e w i s i i . Others 
are l i s t e d  in  Table 3* Many o f  th e  p la n ts  appeared to  be grazed  
h e a v i ly ,  e s p e c ia l ly  Lomatium,
The v e g e ta t io n  on t h i s  is la n d  was n o t u n lik e  th a t  o f  the o th er  
i s la n d s  used in  t h i s  stu d y; th e  one e x c e p tio n  b e in g  th a t  the  
dom inant p la n t  was n o t found on th e  o th er  p lo t s .  The o v e r a ll
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appearance o f  th e  is la n d  resem bled th e  e a s te r n  s id e  o f  L i t t l e  B ird  
Is lan d *  Both have been burned r e c e n t ly ;  th e  Narrows V i l la  f i r e  was 
in  1948, The L i t t l e  B ird  f i r e  was e a r l i e r ,  judging from th e  c o n d itio n  
o f  th e  burned lo g s .
Deer s c a t s  were seen  on Narrows V i l la  in  th e  sp r in g  o f  I 9680 
On June 2 ,  two w h ite  t a i l  bucks CO docoileus v ir g in ia n u s  ) were seen  
swimming a c ro ss  the bay near the i s la n d . They e v e n tu a lly  went ashore  
on B ig  B u ll I s la n d . No o th er  s p e c ie s  o f  mammal was observed on the  
w estern  is la n d  o f  Narrows V i l l a ,
In  1953 Roney l i v e  trapped and then  su b seq u en tly  snap trapped  
to  e x t in c t io n  a l l  th e  sm a ll mammals on t h i s  i s la n d .  He found 72 
M icrotus lon g icau d u s and one P , m a n icu la tu s, Re c o lo n iz a t io n  s in c e  
then  had r e s u lt e d  in  the I967 p o p u la tio n .
L i t t l e  B u ll  I s la n d , -  (F igu re 1) Ten s t a t io n s ,  w ith  th ree  
snap tra p s each  were e s ta b l is h e d  a t  the northern  end o f  the is la n d .
The fo llo w in g  day four in ju red  m ice were r e le a s e d  from th e  tr a p s .
I t  was d ec id ed  to  e s t a b l i s h  the th ir d  p lo t  used in  t h i s  stu d y  on 
L i t t l e  B u ll  I s la n d  in s te a d  o f  B ig B ird  I s la n d , The two is la n d s  are  
comparable in  s i z e  B ig  B ird  i s  2 7 ,9  acres and L i t t l e  B u ll  i s  
2 7 ,6  a c r e s ,  the o n ly  major d if fe r e n c e  in  the two b ein g  th e  prox im ity  
to  o th er  lan d  m asses. The p lo t  was e s ta b l is h e d  in  th e  m iddle o f  
th e  e a s te r n  s id e  o f  th e  i s la n d ,  s in c e  th e  v e g e ta t io n  th ere  seemed 
m ost ap p rop ria te  fo r  P, m anicu latus ; a l s o ,  the presen ce o f  a house 
and th e  o c c a s io n a l p resen ce  o f  a dog a t  the n orthern  end o f  th e
^ m anuscript on f i l e  a t  the Department o f  Z oology, U n iv e r s ity  o f  
Montana,
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Fisnire S* H a b ita t o f  B ig  B ird I s la n d  P lo t ,  on th e  w e s t  f a c in g  s lo p e  
o f  th e  i s la n d .
F igure 6 . Narrows V i l l a ,  W estern I s la n d . This i s  th e  e a s te r n  a s p e c t  
o f  th e  i s la n d .
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i s la n d  m ight in f lu e n c e  th e  p o p u la tio n  in  th a t  a rea .
V e g eta tio n  o f  the L i t t l e  B u ll  I s la n d  p lo t  i s  f a i r l y  e v en ly  
d is t r ib u te d  and i s  much l i k e  th e  r e s t  o f  th e  is la n d  (T able 3)*
The p lo t  i s  r e l a t i v e l y  open and g r a s s y , becoming somewhat more 
d e n se ly  covered  w ith  shrubs toward the so u th e m  end. F igure 7 
shows t y p ic a l  L i t t l e  B u ll I s la n d  h a b ita t .
Other mammals record ed  from th e  is la n d  were Tamiasc iu ru s  
hudsonicus and O d ocoileus v ir g in ia n u s .
L i t t l e  B ird  I s la n d , w estern  s i d e . -  (F ig u res 8 and 11) Most 
o f  th e  w estern  s id e  o f  th e  i s la n d  i s  covered  by a dense a s s o c ia t io n  
o f  P seudotsuga m e n z ie s i i  and Svmohiocarpus a lb u s . w ith  vary in g  
amounts o f  o th er  p la n ts  l i s t e d  in  Table 3® V eg eta tio n  i s  v ery  
sp a rse  toward th e  p er ip h ery  o f  the i s la n d .  P la n ts  found o n ly  a t  the  
p er ip h ery  on t h i s  s id e  are  Juninerus sconulorum . A llium  cernuum. and 
Polemonium nulcherrlmum .
L i t t l e  B ird  I s la n d . e a s te r n  s i d e . = (F ig u res 9 and 11) This 
s id e  o f  th e  is la n d  has v ery  few t r e e s .  Herbs predom inate over a 
good p o r tio n  o f  t h i s  s i d e , a lth ou gh  th e  e a s t - f a c in g  s lo p e  supports  
a dense t h ic k e t  o f  sh ru b s, th e  m ost common b ein g  S p iraea  sp le n d e n s . 
Phvsocarpus malva c e n s . R ibes (two s p e c i e s ) ,  and Juniperus scopulorum .
V e g e ta tio n a l d if fe r e n c e s  betw een th e  e a s te r n  and w estern  s id e s  
o f  L i t t l e  B ird  Is la n d  can be e x p la in ed  by two f a c t o r s , topography and 
h is t o r y .  The e a s te r n  s id e  o f  th e  is la n d  i s  a rock  mass r i s in g  about 
50 fe e  t  above la k e  l e v e l .  The tops o i l  i s  e x c e e d in g ly  th in  in  some 
p la c e s ,  e s p e c ia l ly  on to p . Charred lo g s  in d ic a te  th a t  a f i r e  damaged 
th e  e n t ir e  e a s te r n  h a l f  o f  the is la n d  a t  one tim e .
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F igure 7 .  T ÿp ioa l H a b ita t on L i t t l e  B u ll  I s la n d .
S S »
f  5 ^ 4  ,*é \J
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F igu re 8 .  W estern S id e  o f  L i t t l e  B ird  I s la n d ,  lo o k in g  from th e  
p er ip h ery  in t o  th e  dense c e n tr a l  a r e a .
F igu re 9 .  E astern  S id e  o f  L i t t l e  B ird  I s la n d .
P'Mi
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One Eutam ias r u f ic a n d u s . th e  o n ly  o th er  mammal p resen t a t  th e  
tim e o f  t h i s  s tu d y , was seen  in  th e  sp r in g  o f  19&8. In  1967, s e v e r a l  
p a ir s  had been in trod u ced  to  both  s id e s  o f  th e  i s la n d .
M ainland p l o t . -  (F igu re  10) The sou th w estern  edge o f  th e  
m ainland p lo t  was a lon g  th e  shore o f  F la th ead  Lake, and th e  sh o re ­
l i n e  v e g e ta t io n  d if f e r e d  from th a t  fa r th e r  away from th e w ater  in  
th a t  i t  was more dense and in c lu d ed  some d i f f e r e n t  s p e c i e s .
C onsequently  th e  f i r s t  one or two ranks o f  tra p s were in  a h a b ita t  
q u ite  d i f f e r e n t  from the o th e r s . V eg eta tio n  away from sh ore v a r ie d  
from 0 t o  n e a r ly  100 per c en t ground cover by th e  under s to r y ,  w ith  
an average o f  about 15 t r e e s  per 2 ,5 0 0  square f e e t  (50  f e e t  on a l l  
s id e s  o f  a tra p  s t a t i o n ) .  Where th e  t r e e s  were more d en se , th ere  
were few er sh ru b s , b u t f a l l e n  lim bs and tw igs were abundant.
F igure 10 shows t y p ic a l  h a b ita t  away from sh o r e .
Other mammals p r e se n t on th e  p lo t  were Sorex v a g ra n s. Eutamias 
r u f ic a u d u s . E . amoenus. Glaucomvs sa b r in u s . Tamias c iu ru s hudsonicus . 
M ep h itis  m e p h it is . Ursus am ericanus. In a d d it io n  to  the s p e c ie s  
p r e se n t  on th e  p lo t  u sed  in  t h i s  s tu d y , the fo llo w in g  s p e c ie s  have 
been trapped on the Y ellow  Bay mammal p lo t :  C lethrionom vs g a p p e r i,
M icrotus p e n n sv lv a n ic u s . M. lo n g ic a u d u s . Must e la  erm inea . M. v i s o n .
Sorex  c in e r e u s . M icrosorex h o v i . Neotoma c in e r e a . A lso  p resen t on 
th e  m ain land , bu t never trapped on th e  mammal p lo t  are  Zapus 
p rin cep s and Phenacomvs in term ed iu s .
B ig B u ll I s la n d . -  (F igu re 1) Adams (1959) d escr ib ed  the g e n e ra l  
c h a r a cter  o f  th e  B ig  B u ll I s la n d  v e g e ta t io n . The north  and e a s t  
s lo p e s  were a Douglas f ir /n in e b a r k  a s s o c ia t io n  ( Pseudotsuga m e n z ie s i i
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Figrure 1 0 » Map o f  L i t t l e  B u ll  I s la n d »  in c lu d in g  th e  lo c a t io n s  o f  l i v e  
tra p s ( " ) .  S c a le :  % in c h  = 50 fe e t#
B A T T L E S H I P  I S L A N D
L I T T L E  B U L L  I S L A N D
30
F igure 1 1 . Map o f  L i t t l e  B ird  I s la n d , show ing p o s i t io n  o f  l i v e  
tra p s ( • ) .  On th e  e a s te r n  s i d e ,  th e  in n er  s o l i d  l i n e  in d ic a t e s  a 
c l i f f  and d e l in e a te s  th e  trap p ab le  a r e a . The tra p p a b le  a rea  p lu s  
th e  area  im m ed iately  surrounding i t  com plete th e  in h a b ita b le  a rea  
The p e r ip h e r a l area  o f  rock s and d r iftw o o d  i s  sh ad ed . S c a le :
T in c h  = 50 f e e t .
1
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F igure 1 2 o T ÿ p ica l H a b ita t on th e  M ainland P lo t ,  away from sh ore*

3^
and Phvs ocarm is mal va cens ) w ith  a l i b e r a l  share o f  snowberry 
(Svmohiocarpns a lb u s)*  On th e  sou th  and w e st s lo p e s  Ponderosa 
p in e  ( P inus ponderosa) predom inates. Other common p la n ts  p resen t  
in c lu d e  Pooulus tr ic h o c a r p a . P . tr e m u lo id e s . Prunus v ir g in ia n u s . 
Juniperus scopulorum . L arix  o c c id e n t a l i s .
Mammal s p e c ie s  p r e se n t , based  on f i e l d  o b ser v a tio n , tra p p in g , 
and r e p o r ts  o f  l o c a l  r e s id e n t s ,  were Vulpes v u lp e s . Mustela  v i s o n . 
M ep h itis m e p h it is . Taxidea ta x u s . Tamiasc iu ru s h u d so n icu s. Peromvscus 
m a n ic u la tu s . M icrotus lo n g ica u d u s . O docoileus hem ionus. 0 .  v ir g in ia n u s . 
Le PUS am ericanus ♦
Narrows V i l l a ,  e a s te r n  i s la n d . -  (F igu re 1) S in ce  19^8 
permanent summer r e s id e n ts  have e lim in a te d  a l l  mammals from t h is  
i s la n d .  In  r e c e n t  y ea rs  th e re  have r e p o r te d ly  been no sm a ll mammals 
on th e  i s la n d ,  a lth ou gh  in  p rev iou s y ea rs a few m ice were captured  
e a r ly  each  summer.
Table 3 i s  a com parison o f  th e  p la n t  s p e c ie s  p resen t on th e  main 
stu d y  a r e a s . Very rare  p la n t  s p e c ie s  have been om itted  s in c e  i t  i s  
l i k e l y  th a t  th e y  p la y  o n ly  a minor p a r t as a sou rce  o f  food  or s h e l t e r  
fo r  th e  m ice . The fo llo w in g  a b b re v ia tio n s  have been used  in  Table 3 and 
in  a l l  ta b le s  h e r e a fte r  the p lo t s  w i l l  be r e fe r r e d  to  by th e se  abbrev­
i a t i o n s .  ML -  m ainland p lo t .  S r e f e r s  to  th o se  p la n ts  found in  th e  
s h o r e l in e  v e g e ta t io n , and A r e f e r s  to  p la n ts  found in  th e  v e g e ta t io n  
away from sh o r e . LB -  L i t t l e  B ird  I s la n d . LBĵ  -  L i t t l e  B ird I s la n d ,  
w estern  s id e ;  LBg -  L i t t l e  B ird  I s la n d , e a s te r n  s id e ;  LBg -  the brid ge  
betw een th e  two s i d e s .  Bu -  L i t t l e  B u ll  I s la n d . BB -  B ig B ird I s la n d .  
NV -  Narrows V i l l a ,  w estern  is la n d  o n ly .
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Table 3« V eg eta tio n  Comparison






Juniperus scopulorum X X X X X
Pseudotsuga m e n z ie s i i X X X X X X X
Pinus ponderosa X X X X X X
A bies gran d is X
Populus tr ich o ca rp a X X X
Pyrus malus X
Acer glabrum X
A'lnus c r isp a X
Symphiocarpus a lb u s X X X X X X X X
Mahonia repens X X X X X X X
Balsam orhiza s a g i t t a t a X X X X
Physocarpus m alvaceus X X X X
A rcto sta p h y lo s  uva<=ursi X X X X
S m ilic in a  racemosa X X X X
A rnica c o r d if o l ia X X
V ic ia  am ericana X
Prunus m elanocarpa X
P* v ir g in ia n a X
C lem atis l ig u i  s t i c i f o l i a X
A m elanchier a l n i f o l i a X X X X X X X X
C irsium  vu lgare X
Rubrus p a r v if lo r u s X
R ibes inerme X X X
Ro cereum X X X
A naphalis m argaritacea X
S trep top u s a m p le x ifo liu s X
Equisetum  hyemale X
Phleum p raten se X
Shepherd!a canadensis X X X X
Lysim achia c i l i a ta X
Asparagus o f f i c i n a l i s X
Apocynum s p . X
A lliu m  cernuum X X X
Polemonium pulcherrimum X X X
S p iraea  sp len dens X X
P rageria  v esca X X
Lomatium d i s s e cturn X X X
Lonicera c i l i o s a X X
Sedum s  tenope talum X
Rosa sp@ X X X
Penstemon fr u t ic o s u s X
Galium b o r a le X
Ceanothus v e lu t in u s X
C a s t i l l e j a  s p . X
P h ilad elp h u s l e w i s i i X
A r ib is  s p . X
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MATERIAI5 AND METHODS 
In  each  o f  th e  th ree  main stu d y  areas a 50 fo o t  g r id  was marked 
by numbered wooden sta k es*  A compass and surveyor * s chain  were used; 
no a llow an ce  was made fo r  the s lo p e  o f  th e  la n d . On th e  w estern  s id e  
o f  L i t t l e  B ird  I s la n d  a g r id  had a lrea d y  been marked fo r  H alvorson  
and Fairm an's I 96I stu d y  —  t h i s  was used  w ith  some m o d ifica tio n s*
A l i v e  tra p  was p la ced  w ith in  a 5 f o o t  rad iu s o f  each s ta k e .
The tra p s measured 3 in c h e s  by 3 -3 /^  in ch es  by 10 in ch es lo n g .
The four w a lls  and back were o f  f ib e r g la s s  ; th e  door and t r ig g e r  
mechanism were o f  aluminum. The door h inge con ta in ed  a m eta l sp r in g .  
Each tr a p  had been soaked in  a s o lu t io n  o f  a n ise  o i l ,  s in c e  
p re lim in a ry  u se in d ic a te d  th a t  th e re  may have been a r e p e l l in g  s c e n t  
a s s o c ia te d  w ith  the f ib e r g la s s *
Where p o s s ib le ,  th e  tra p s were p la ced  b e s id e  or on to p  o f  
n a tu r a l o b je c ts  such as lo g s  or r o c k s , or a t  th e  base o f  t r e e s .
F o r ty -e ig h t  tra p s were used  on th e  m ainland and L i t t l e  B u ll  
I s la n d  p l o t s ,  and 50 were used on L i t t l e  B ird Is la n d  (F ig u res 11 
and 12) .
During summer trap p in g  i t  was s u f f i c i e n t  sim p ly  to  c lo s e  th e  
tra p  and tu rn  i t  u p sid e  down when n o t in  u s e . However, in  th e  f a l l ,  
th e  m ice began fo r c in g  t h e ir  way in to  th e  c lo s e d  t r a p s , and u n le s s  
th ey  were found w ith in  a day or so  th ey  died* Four m ice were l o s t  
in  t h i s  way. A fte r  t h i s ,  th e  tra p s were l e f t  propped open w ith  a 
la r g e  s t i c k  when n o t in  u s e . By so  d o in g , a c c id e n ta l  tra p  m o r ta lity  
was reduced  to  a lm ost z e r o .
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L ive tra p s were s e t  between 4 and 6 o ’ c lo c k  in  th e  a ftern o o n  
and checked betw een 8 and 10 o ’c lo c k  the fo llo w in g  morning* When 
supplem entary snap trap s were u sed , th e y  were s e t  in  the l a t e  
morning and checked between 8 and 10 o ’ c lo c k  th e  fo llo w in g  morning* 
In o n ly  one ca se  d id  t h i s  prove to  be an unwise procedure (Narrows 
V i l l a ,  w estern  i s la n d ) .
B a it  fo r  b o th  k inds o f  trap s was peanut b u tte r  and r o l le d  
o a t s ,  m ixed to  a ra th er  dry co n sisten cy *  A pproxim ately 1 c*c* o f  
b a i t  was p la ced  in  each l i v e  tr a p , a lon g  w ith  c o tto n  fo r  n e s t in g  
m a ter ia l*
The trap p in g  sch ed u le  can be d iv id e d  in to  th ree  period s : 
summer, 19^7S f a l l ,  1967; and sp r in g , I 968* Table 4  summarizes 
the number o f  tr a p -n ig h ts  in  each period* Summer trap p in g  was n ot  
conducted on L i t t l e  B u ll  Islan d *  B en d ell (1959) found th a t  90 
per c e n t o f  a Peromvscus l e uconus p e c u la tio n  had been captured a t  
l e a s t  once a f t e r  one n ig h t  o f  trap p in g  per week fo r  th ree  weeks* 
S t ic k e l( l9 ^ 6 )  rep o rts  th a t  seven  n ig h ts  o f  trap p in g  are adequate fo r  
determ in in g  p o p u la tio n s o f  P* l e uconus * and deer mice in  g en era l  
are known fo r  t h e ir  s u s c e p t ib i l i t y  to  trap p in g  (B eer e t  a l*  « 195^) «
The h an d ling  procedure in v o lv ed  th ree  s te p s  ; ( i )  w e ig h in g ,
( i i )  m arking, and ( i i i )  exam ination* A t r ip le  beam balance was 
housed in  a wooden b ox , and b e fo re  each mouse was w eighed the  
b alan ce  was p la ced  on th e  ground in  a l e v e l  p o s it io n *  Each 
cap tu red  mouse was tr a n s fe r r e d  to  a p l a s t i c  w e igh in g  bag and 
w eighed  a lo n g  w ith  any b a i t  or c o tto n  th a t  happened to  f a l l  in to  
th e  bag during th e  tr a n sfe r *  L ater th e  w e ig h t o f  th e  bag p lu s any
Table 4 .  Number o f  Trap N ights  
h y  P lo t  and Season
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P lo t Summer. 1967 F a l l .  1967 S u r in e . 1968 T ota l
ML 672 192 528 1392
LB 650 300 400 1350
Bu 240 432 672
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m a te r ia l  in  i t  was subtracted®  I t  was found th a t  th e  m ice were 
fa r  more q u ie t  when a c o lo r ed  p l a s t i c  bag was used* C loth  m ight 
have been  even b e t t e r  in  t h i s  r e s p e c t ,  b u t has the d isadvan tage o f  
b e in g  opaque.
A fte r  w e ig h in g , m ice were removed from th e  bag and marked by- 
to e  c l ip p in g  i f  n o t  p r e v io u s ly  captured* The method used in  t h is  
stu d y  was d e sc r ib ed  by Baumgartner (1 9 ^ 0 ), Toe c lip p in g  proved 
s a t i s f a c t o r y  fo r  t h i s  stu d y  a lth ou gh  i t  d id  le a d  to  co n fu sio n  in  
one case*
Age d eterm in a tio n  was based  on p e lage  co lor*  Peromvseus 
m anicu latus b e g in s  le a v in g  th e  n e s t ,  and becomes v u ln era b le  to  
trap p in g  a t  about 18 days o f  a g e . The f i r s t  in d ic a t io n s  o f  p o s t ­
ju v e n i le  m o lt are se en  a t  5 weeks o f  a g e , w ith  f u l l  su bad ult 
p e la g e  b e in g  a t ta in e d  a t  about 10 w eek s, From 10 to  about 19 
weeks th e  n e x t  m olt proceeds g r a d u a lly , r e s u lt in g  in  a d u lt  pelage  
(McCabe and B lanchard, 1950)* S in ce  th e  c o lo r  d if fe r e n c e  between  
what th ey  term  su b ad u lt and a d u lt  p e lage  i s  o f te n  very  s l i g h t ,  age 
in  t h i s  stu d y  was d e fin e d  in  th e  fo llo w in g  ways ju v e n ile  = a l l ­
gray p e la g e ; su b ad u lt = undergoing p o s t - ju v e n i le  m olt; a d u lt  = 
brown or g r a y ish  brown p e la g e . I f  th e  anim al was d e f i n i t e l y  a 
g r a y ish  brown a d u lt ,  t h i s  was noted  on th e  trap p in g  record*
In  exam ining each m ouse, obvious rep ro d u ctiv e  co n d it io n s  
and m olt p a tte r n s  were reco rd ed , as w e l l  as m arkings, w eather  
c o n d it io n s ,  and unusual b e h a v io r , such as v o c a liz a t io n  or a g g r es­
s iv e n e s s *
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I t  was o r ig in a l ly  in ten d ed  th a t  a l l  o th er  mammals captnred would 
be recorded* I t  soon became apparent th a t  t h i s  would be p o s s ib le  
o n ly  fo r  th e  chipmunks and, to  a l e s s e r  e x te n t ,  the shrews* The 
o th er  two anim als o c c a s io n a lly  found in  the trap s were Glaucomvs 
sab rin u s and Taim asciurus h u d son icu s* These are n ot in c lu d ed  in  
the r e p o r t .  The data  fo r  them are v ery  incom plete because th e y  
were im p o ss ib le  to  to e  c l i p  and a lm ost as im p o ss ib le  to  w eigh  
w ith  th e  equipm ent a v a i la b le , and no l i v e  a d u lt  Tami as c iu ru s  
were found in  the tra p s and probably some a d u lts  were to o  la r g e  to  
e n te r  th e  t r a p s .
L ive  Trap M o r ta lity
During th e  course o f  tr a p p in g , te n  mice (4*4^ o f  t o t a l  cap tu re)  
were found dead in  the traps* S ix  were found a f t e r  th e  trap s had 
been c lo s e d  fo r  two or more days; four o f  th e se  in  th e  f a l l*  Of 
th e  t e n , four were found in  the m ornings ; a l l  o f  th e se  were on the  
e a s t* fa c in g  s lo p e  o f  th e  e a ste r n  s id e  o f  L i t t l e  B ird I s la n d , and 
a l l  were found on warm mornings when the sun m ight have g r e a t ly  
r a is e d  the tem perature in  the trap* Traps m ost v u ln era b le  to  the  
morning sun were covered  w ith  aluminum f o i l  when m o r ta lity  began to  
occur* Three mice were found dead on summer m ornings, one on a 
sp r in g  m orning, and none in  the f a l l*
Methods o f  A n a ly s is
T ra n sien ts  were n o t in c lu d ed  in  c a lc u la t io n s  p e r ta in in g  to  
p o p u la tio n  s tr u c tu r e*  For purposes o f  t h i s  s tu d y , a t r a n s ie n t  was 
an anim al captured  o n ly  once on th e  p lo t*  To in c lu d e  tr a n s ie n ts  in
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c a lc u la t io n s  would have b ia se d  th e  data accord in g  to  d i f f e r e n t  
amounts o f  a c t i v i t y  on th e  v a r io u s p lo ts*  For the sake o f  un iform ity»  
t h i s  c r i t e r io n  was a p p lie d  a ls o  to  anim als on L i t t l e  B ird I s la n d ,  
a lth ou gh  trap p in g  covered  n e a r ly  th e  e n t ir e  i s la n d ,  and anim als 
captured  o n ly  once probably d id  n o t have a home range e lsew h er e .
These anim als w ere , in  a s e n s e , t r a n s ie n t  to  th e  is la n d  p o p u la tio n .
An anim al w hich c ro ssed  from one s id e  o f  L i t t l e  B ird  Is la n d  to  th e  
o th er  and su b seq u en tly  retu rn ed  was con sid ered  a r e s id e n t  o f  one s id e  
and tr a n s ie n t  t o  th e  o th e r , An anim al w hich cro ssed  and remained th ere  
was c o n sid ered  to  have s h i f t e d  h is  r e s id e n c e .
On a l l  p lo t s  new anim als were marked w ith in  th e  l a s t  few weeks 
o f  sp r in g  tr a p p in g . M ost o f  th e se  were j u v e n i l e s , and were n o t  
recap tu red  by the c o n c lu s io n  o f  tra p p in g . This l e f t  open th e  
q u e s tio n  o f  w hether or n o t th ey  became p art o f  th e  p o p u la tio n .
In  t h i s  paper th ey  have been c a l le d  tr a n s ie n ts  s in c e  ( i )  th ey  were 
n o t ,  by d e f in i t io n ,  r e s id e n ts  w ith in  th e  trap p in g  p e r io d , and ( i i )  
Sheppe ( 1966) and B la ir  (1940) b o th  n o te  th a t  young mice wander when 
th e y  le a v e  the n e s t ,  l a t e r  c o n fin in g  t h e ir  movements to  a home ran ge. 
S t a t i s t i c a l  methods o f  a n a ly s is  in v o lv e d  sim ple t e s t s  o f  
s ig n if ic a n c e  o f  v a r ia t io n s .  The '*t'* t e s t  was used in  comparing 
p o p u la tio n  d e n s i t ie s  (Bruning and K in tz , I9 6 8 , p , 9 -12 )»  The 
Mann«Whitney Ü T est was used in  comparing p h y s ic a l  v a r ia t io n s  when 
th e  sam ple s i z e  was l e s s  than e ig h t  ( S i e g e l ,  195&» p* 1 1 6 ), For 
sam ples la r g e r  than e ig h t ,  th e  Mann-^Whitney Ü T est was extended  to  
a "z" or c r i t i c a l - r a t i o  t e s t  (Bruning and K in tz , I 9 6 8 , p , 2 0 4 ) ,
A "z" v a lu e  g r e a te r  than  1*96 in d ic a te s  s ig n if ic a n c e  a t  the ,0 5  l e v e l .
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a v a lu e  g r e a te r  than  1 .6 5  shows s ig n if ic a n c e  a t  the .10  l e v e l  
(Bruning and K in tz , I 9 6 8 , p . I 97- I 98) .
S in c e  p o p u la tio n s are dynamic a method o f  p r e sen tin g  data needs 
to  r e f l e c t  t h i s .  To an a lyze  the data a ca len d ar graph was co n stru cted  
in d ic a t in g  how lo n g  each anim al was p art o f  th e  apparent p o p u la tio n ,  
and i t s  age and s e x .  P op u la tion  d e n s i t i e s  and se x  r a t io s  were 
c a lc u la te d  on a w eek ly  b a s is  and in c lu d ed  n o t o n ly  th e  anim als 
captured  during th e  week b u t a ls o  th ose  known to  be p resen t based  
on p a s t  and su bseq uent tra p p in g . Then th e  w eek ly  f ig u r e s  were 
averaged  fo r  each  se a so n . The accuracy and Im p lica tio n s o f  t h i s  
method w i l l  be d is c u sse d  l a t e r .
Data from th e  Narrows V i l l a ,  w estern  is la n d  sample have been  
in c lu d e d  in  th e  ap p rop ria te  p la c e s  in  th e  r e s u l t s ,  but the d is c u s s io n  
i s  concerned p r im a r ily  w ith  the th ree  main p o p u la tio n s .
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RESULTS AND DISCUSSION
P o p u la tio n  D en s ity
Table 5 g iv e s  minimum» maximum» and se a so n a l average o f  the  
w eek ly  d e n s i t i e s  per acre» and th e  r a t io s  o f  change o f  se a so n a l  
average d e n s i t i e s  b ased  on data from th e  prev iou s se a so n . The 
minimum sp r in g  d e n s i t i e s  do n o t tak e  in to  account data recorded  
a f t e r  May 20» I 9 6 8 » s in c e  a d e c lin e  in  d e n s ity  may be an a r t i f a c t  o f  
th e  c o n c lu s io n  o f  trap p in g  in  e a r ly  June. That i s , anim als may have 
s t i l l  been p r e se n t  » b u t gone u n d etected  from May 27 through June 10. 
T ra n sien ts  are n o t in c lu d ed  in  Table 5 and are summarized in  Table 6 . 
F igu re 13 shows w eek ly  d e n s i t ie s  per a c r e .
Three a rea s  were d is t in g u is h e d  on the e a s te r n  s id e  o f  L i t t l e  
B ird  Is la n d : ( i )  trap p ab le  area» in c lu d in g  1 .1  a cres a t  v a r io u s
e le v a t io n s ,  on w hich tra p s were lo c a te d ;  ( i i )  in h a b ita b le  a r e a ,  
s t e e p  c l i f f s  around m ost o f  the trap p ab le  area (some bare rock  and 
some w ith  v e g e ta t io n ) ;  and ( i i i )  p e r ip h e r a l a r e a , c o n s is t in g  o f  
bare rock  som etim es covered  by the la k e  or d r iftw o o d . In a few  
c a se s  » I  saw m ice running down over the c l i f f s  a f t e r  b eing  r e le a s e d  
from, th e  tra p s  » and i t  seems l i k e l y  th a t  th e se  areas are in c lu d ed  in  
some home r a n g e s . However » th e  s te e p n e ss  o f  th e  c l i f f s  prevented  
e s t a b l i s h in g  a tra p  s t a t i o n .  A lthough the p e r ip h e ra l area may be 
o c c a s io n a lly  exp lored  by m ice , i t  was ex trem ely  v a r ia b le  in  s i z e  and 
o f fe r e d  no so u rces  o f  food; th e r e fo r e  i t  has n o t been in c lu d ed  in  any 
c a lc u la t io n s .  The e a s te r n  s id e  o f  L i t t l e  B ird  I s la n d  i s  the on ly  
lo c a t io n  u sed  in  t h i s  stu d y  where such a p e r ip h e r a l area  was la r g e
Table 5* D e n s it ie s  Per Acre
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P lo t Min.
Summer
Max. X Min.




ML 0 .4 2 1 .6 7 1 .2 5 0 .4 2 2 .9 1 2 .0 8 1 .6 6
LB 1 .1 4 1 .71 1 .4 7 0 .8 9 2 .2 8 1 .4 7 1 .0 0
1 .2 5 1 .8 7 1 .3 4 0 .6 3 1 .8 8 1 .0 7 0 .8 0
1 .0 5 2 .1 0 1 .5 8 1 .0 5 2 .6 3 1 .8 0 1 .1 4
Bii 0 .4 2 0 .4 2 0 .4 2
NV 3 .9 0
Sp rin g S n rin e Year
P lo t Min. Max. X F a ll Min. Max. X
ML 1 .6 7 3 .3 3 2 .2 9 1 .10 0 .4 2 3 .3 3 2 .0 6
LB 1 .71 3 .4 3 2 .4 6 1 .6 7 0 .8 9 3 .4 3 1 .8 0
1% 1 .8 7 4 .3 7 2 .6 8 2 .5 0 0 .6 3 4 .3 7 1 .8 7
LBe 1 .5 8 3 .1 5 1 .9 7 1 .09 1 .0 5 3 .1 5 1 .7 9
Bu 0 .8 3 2 .9 1 1 .9 3 4 .6 0 0 .4 2 2 .91 1 .6 2
Table 6* T ran sien ts
^5
P lo t Summer F a l l Snrinff Year
ML 1 2 6 11
LB 1 1 10 12
LB^ 1 0 6 7
LBg 1 1 5 7
Bu 4 4 8
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F igu re 1 3 o W eekly D e n s it ie s  Per A cre (a b o v e) and H istogram  o f  th e  
P o p u la tio n s (below )» Numbers a f t e r  May 20 a re  n o t  t o t a l l y  r e l i a b l e ,  
s in c e  anim als may have been  p r e se n t  y e t  gone u n d e te c te d  th rough  June 10, 
The h istogram  in d ic a t e s  s e x  r a t i o s , age s t r u c t u r e s , and number and se x  
o f  t r a n s ie n t s  fo r  each  week* The d ata  r e p o r t  o n ly  th o s e  an im als marked 
a lth ou gh  i t  i s  l i k e l y  th a t  some an im als were p r e se n t  on th e  p lo t s  fo r  a 
tim e b e fo r e  c a p tu r e , e s p e c i a l ly  a t  th e  b e g in n in g  o f  each  season *
L i t t l e  Bull Island L i t t l e  Bird Island Mainland Plot
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enough throughout th e  y ea r  to  be m entioned o
D e n s ity  fo r  L i t t l e  B ird  I s la n d , th e n , i s  based on the area o f  
th e  w e s t  s id e  p lu s in h a b ita b le  area o f  th e  e a s t  s id e .
There were few cap tu res on L i t t l e  B u ll  I s la n d  in  the f a l l .
B arring  any b e h a v io r a l d i f f e r e n c e s ,  the d e n s ity  c a lc u la t io n s  should  
be comparable to  th o se  o f  th e  o th er  p op u la tion s in  the f a l l ,  s in c e  
th e  amount o f  tra p p in g  was com parable.
B esid es  the w eek ly  d e n s ity  com putation, S t i c k e l ' s  d e n s ity  
c a lc u la t io n  method (1946) was used  where p o s s ib le .  A b u ffe r  zon e, 
h a l f  th e  average maximum d is ta n c e  between trap s in  which in d iv id u a ls  
were captured  fou r or more t im e s , was c a lc u la te d . S u b tra ctin g  t h i s  
zone from around th e  in s id e  edge o f  th e  p lo t  g iv e s  a c e n tr a l a r e a .
The p o p u la tio n  in  t h i s  c e n tr a l  area i s  c a lc u la te d . Then adding h a l f  
th e  number o f  anim als taken  b oth  in  the c e n tr a l  area and b u ffe r  zone 
to  th e  c e n tr a l  area p o p u la tio n  g iv e s  a f i n a l  number from w hich to  
c a lc u la t e  d e n s ity  per a c r e .
In  th eo ry  th e  method i s  sound, b u t in  t h i s  p a r t ic u la r  stu dy i t  
was u s e f u l  o n ly  in  two c a s e s .  I t  gave per acre d e n s ity  f ig u r e s  o f  
1 .8 5  and 2 .5 0  fo r  th e  summer m ainland and sp rin g  L i t t l e  B u ll  
p o p u la tio n s r e s p e c t iv e ly .  These are  la r g e r  than th e  w eek ly  averages ; 
probably because th ey  take in to  accou nt ev ery  anim al r e s id e n t  during some 
p a r t o f  th e  s e a so n . A lthough th e  f a l l  m ainland p op u la tion  was o f  
c o n s id e r a b le  s i z e ,  no anim al was captured  four or more t im e s , so  th e  
method was n o t a p p lic a b le .  Out o f  th e  sp r in g  m ainland t o t a l  p op u la tion  
o f  n in e  a n im a ls , w ith  32 c a p tu r e s , o n ly  one anim al was ever captured  
in  th e  c e n tr a l  zo n e , thus g iv in g  an unreasonably  low d e n s ity  f ig u r e
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when S t ic k e l* s  method i s  u sed . The la c k  o f  captures may have been 
due t o  s e v e r a l  fa c to r s  : low  abundance o f  food  in  the area a t  th a t
tim e o f  y ea r  g in te r fe r e n c e  w ith  th e  trap s by s q u ir r e ls ;  e t c .  What­
ev er  th e  r e a so n , i t  p o in ts  to  th e  f a c t  th a t  c o n d itio n s  under which  
t h i s  d e n s ity  c a lc u la t io n  method can a c c u r a te ly  be used must be very  
uniform  and c o n tr o l le d . I t  i s  n o t ap p rop ria te  fo r  se a so n a l or geo­
g r a p h ic a l com parisons.
On a l l  p lo t s  d e n s i t ie s  in c r e a se d  during the period  o f  the e n t ir e  
s tu d y . Only con tin u ed  trap p in g  would have shown whether any o f  the  
p o p u la tio n s were e x h ib it in g  p art o f  an annual c y c le  or were in c r e a s in g  
as p a rt o f  a lo n g e r  f lu c tu a t io n  or b o th . Data from the m ainland most 
s tr o n g ly  su g g e s t  annual f lu c t u a t io n ,  s in c e  th e re  was a d e c lin e  in  th e  
p o p u la tio n  In  May (F igu re  13) •
Chi th e  U n iv e r s ity  o f  Montana mammal p lo t  summer d e n s i t i e s  have 
v a r ie d  from 0 .3 5 (1 9 6 4 ) to  4 .2  ( I 96I )  w ith  an average o f  2 .4 5  m ice per 
acre  ( d i r e c t ly  c a lc u la te d )  over a 20 year  p e r io d .
This stu d y  combined w ith  H alvorson and Fairm an's I 96I stu d y  shows 
th a t  th e  mouse p o p u la tio n  o f  L i t t l e  B ird  I s la n d  v a r ie s  g r e a t ly  over  
a p er io d  o f  y e a r s .  On the w estern  s id e  o f  th e  is la n d  th e  known range  
i s  from 1 8 .1 2  to  I .2 5  m ice per acre  (b oth  f ig u r e s  d ir e c t ly  c a lc u la te d ,  
ex c lu d in g  t r a n s ie n t s , fo r  a two week p er iod  in  Ju ly ) w h ile  th e  
p o p u la tio n  on the U n iv e r s ity  o f  Montana mammal p lo t  v a r ie s  much l e s s .  
There i s  a d i s t i n c t  la c k  o f  p red ators on L i t t l e  B ird  I s la n d . This 
may w e l l  be an example o f  a more com p licated  n a tu r a l sy stem 's  b e in g  
more s t a b le  than a sim p le  one (MacArthur and C on n ell, I 9 6 6 , p. 1 5 7 ).
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I t  i s  in t e r e s t in g  th a t  th e  maxiirrum d e n s ity  ever  record ed  on the  
mammal p lo t  (4*2  m ice per a cre ) occurred  in  I 96I ,  when th e  p op u la tion  on 
L i t t l e  B ird  I s la n d  was ex trem ely  h igh  (18*12 m ice per acre)*
B la ir  (1940) found th a t  P* m anicu latus in  sou th ern  M ichigan  
e x h ib i t  an annual c y c le  o f  abundance — in c r e a s in g  from l e s s  than  
one to  about 3<»5 m ice per acre  from l a t e  sp r in g  to  th e  end o f  J u ly , 
th en  d e c re a s in g  u n t i l  autumn b reed in g  b e g in s , w ith  another d e c lin e  
during th e  w in te r . The same a u th o rfs  1942 stu d y  in  northern  M ichigan  
showed a d e n s ity  o f  2*025 m ales and 1*94? fem ales per a c r e , or a t o t a l  
o f  3*972 m ice per acre*
Snyder (195&) found ev id en ce  o f  lo n g er  c y c le s  in  P. leu coou s  
o f  so u th e a ste r n  M ichigan <=« d e n s i t ie s  per acre in  l a t e  1949 were s i x  
tim es th o se  in  e a r ly  I95 l«  He a ls o  m entioned d e c lin e s  o f  o th er  
P* leuQomis p o p u la tio n s in  o th er  p la c e s  over the same tim e period*
The fa c to r s  c o n tr o l l in g  d e n s ity  o f  Peromvscus p op u la tion s are  
tmicnown* B e n d e ll's  experim ents on is la n d s  (1959) l e d  him to  h y p o th esize  
th a t  th e  su p p ly  o f  food  i s  th e  l im it in g  fa c to r  o f  su rv iv a l*  A lthough  
crowding may b r in g  about some n a tu r a l p op u la tion  c o n tr o ls  in  Peromvscus * 
Bronson and E le f th e r io u  ( I 96 2 ) showed th a t  adrenal w e ig h t d id  n o t change 
w ith  in c r e a se d  cage d e n s i ty ,  bu t th e  a d ren a l w e ig h t o f  Mus d id  change* 
This su g g e s ts  th a t  h ig h  d e n s ity  may be s t r e s s f u l  fo r  Mus bu t n o t  fo r
Sex  R a tio s
W eekly p ercen tages o f  r e s id e n t  m ales in  the p op u la tion s were 
computed* Table 7 g iv e s  lo w e s t ,  h ig h e s t ,  and average p ercen tages
Table 7» S ex  R a tio s  — Per Cent Males
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P lo t Min*
Summer
Max* X Min*
F a l l
Max* X
ML 00*0 3 3 .3 16*7 66*7 100*0 76*2
LB 3 3 .3 60*0 4 7 .6 00*0 50*0 26*1
3 3 .3 5O0O 47*6 00*0 3 3 ,3 4*8
LBg 3 3 .3 66*7 4 7 .6 00*0 60*0 36*2
Bu 100*0 100*0 100*0
NV 50*0
Spring Year
P lo t Min* Max* X Min* Max* X
ML 25*0 5 7 .2 44*7 00*0 100*0 4 3 .9
LB 16*7 3 6 .3 25*4 00*0 60*0 3 2 .7
25*0 57«2 36*9 00*0 5 7 .2 30*1
LBg 00*0 50*0 16*3 00*0 66*7 32*6
Si 85o7 100*0 92*0 83*7 100*0 9 3 .6
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When fig tares from th e  e n t ir e  year  are co n sid ered  th e  L i t t l e  Btall 
I s la n d  p o p u la tio n  v a r ie d  s ig n i f i c a n t ly  a t  th e  *05 l e v e l  from th e  exp ected  
50 per c e n t  m ales (z  = 2 .5 ^ )•
Most au th ors r e p o r t  s e x  r a t io s  based on r e s id e n t  anim als captured  
during an e n t ir e  trap p in g  periodo When the r a t io s  fo r  t h i s  stu d y  are  
c a lc u la te d  th a t  way, th e  o v e r a l l  r e s u l t s  are th e  same as in d ic a te d  in  
Table 7 ,  w ith  th e  L i t t l e  B u ll  p o p u la tio n  vary in g  s ig n if ic a n t ly *
The w eek ly  averages are a more s e n s i t iv e  measure o f  p op u la tion  
d if f e r e n c e s  and th e r e fo r e  vary  more than se a so n a l f ig u r e s  w ith  each  
change in  th e  p o p u la tio n . The average o f  w eek ly  p ercen tages o f  m ales 
a l s o  r e f l e c t s  (h y p o th e t ic a l ly )  ( i )  th e  com parative l i f e s p a n  in  the  
p o p u la tio n  o f  m ales and fe m a le s , combined w ith  ( i i )  th e  r a p id ity  w ith  
w hich l o s t  m ales or fem ales are r e p la c e d , or ( i i i )  the presence or 
absence o f  m ales or fem ales as a group during some p er iod  o f  one 
p a r t ic u la r  se a so n . This th ir d  p o s s i b i l i t y  was n o t borne out by the  
d a ta , s in c e  th ere  was no d r a s t ic  change in  se x  r a t io  w ith in  any one 
se a so n .
That th e  f i r s t  two p o s s i b i l i t i e s  are r e f l e c t e d  in  th e  w eek ly  
averages i s  shown in  th e  fo llo w in g  examples in  co n sid er in g  th e  e n t ir e  
summer m ainland p o p u la tio n , th e re  were two m ales and th ree  fem a le s , 
or ^0 per c e n t m a les . However, n e ith e r  male was ap p aren tly  r e s id e n t  
in  th e  p o p u la tio n  during one two week sp an , and the low er w eek ly  
average r e f l e c t s  t h i s .
A lthough th e  L i t t l e  B u ll  p o p u la tio n  t o t a l  i s  based on few er  
sea so n s o f  d a ta , th e  r e s u l t s  are s t i l l  comparable w ith  th o se  o f  the  
o th er  p o p u la t io n s . Comparing the f a l l  p lu s sp r in g  p ercen tages o f
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m ales (e q u a l trap p in g  e f f o r t  on a l l  p lo t s )  fo r  the m ainland (62  per  
c e n t)  and L i t t l e  B ird  Is la n d  (40 per c e n t)  th e  L i t t l e  B u ll t o t a l  
(8 7 «5 per c e n t)  i s  s t i l l  fa r  from the e x p ected  va lu e  o f  50 per cent*  
V a r ia tio n s  from th e  exp ected  v a lu e  were s l i g h t  in  the other  
p o p u la tio n s  *
V arious f i e l d  s tu d ie s  ( B la ir ,  1940; B la ir ,  1942) and one 
la b o r a to r y  stu d y  (Terman, 1967) have shown th a t  Peromvscus p op u la tion s  
commonly have up to  te n  per c e n t more m ales than fem ales* A summary 
o f  N orth American Census o f  Sm all Mammals data fo r  t h i s  s p e c ie s  shows 
55*8 per c e n t m ales (Terman, 1967)0 A ccording to  Sheppe^s I 963 
la b o r a to r y  s tu d y , m ales outnumber fem ales a t  b ir th  by about two to  
o n e , b u t fem ales l i v e  lo n g e r  * A t f iv e  y ea rs  o f  age th e  r a t io  i s  one 
male to  2*3 fem ales*  In  the w i ld .  Peromvseus m aniculatus u s u a lly  does 
n o t l i v e  more than  a year  (Sheppe, I 963) — a t  t h i s  t im e , Sheppe*s 
la b o r a to r y  p o p u la tio n  c o n s is te d  o f  about 57 per cen t m ales* This 
c o in c id e s  w ith  th e  rep o rted  se x  r a t io s  in  w ild  p o p u la tio n s .
However, th ere  i s  another fa c to r  in v o lv ed ; th e  tendency o f  m a le s , 
e s p e c ia l ly  young o n e s , to  wander* This makes the capture o f  a 
t r a n s ie n t  male more l i k e l y  than th a t  o f  a tr a n s ie n t  fem a le , and in  
n o n » iso la te d  p o p u la tio n s in c r e a se s  the p r o b a b ili ty  o f  capturing  a 
t r a n s ie n t  male* B la ir  (1940 and 1942) does n o t say  whether he d i s ­
t in g u is h e d  betw een r e s id e n ts  and tr a n s ie n ts  fo r  purposes o f  d e n s ity  
and s e x  r a t io  c a lc u la t io n s .
The data from t h is  stu d y  do n o t agree  w e l l  w ith  previous  
f in d in g s .  In  th e  one co m p lete ly  trapped s i t u a t io n .  L i t t l e  B ird  
I s la n d , fem ales s l i g h t l y  outnumber or are eq u a l to  th e  number
5^
o f  m ales in  a l l  cases*, This g e n e r a lly  agrees w ith  H alvorson and 
Fairman*s I 96 I data  fo r  th e  w estern  s id e  o f  th e  is la n d , where th e  r a t io  
was 1 fem ale to  o 81 m ales « Of th e  n in e  ju v e n ile  or su b ad u lt anim als 
record ed  in  th e  sp r in g  o f  I 9 6 8 , f iv e  were m aleso However, l i f e  spans o f  
anim als on t h i s  p lo t  a t  the tim e o f  t h i s  stu d y  were lo n g er  than th o se  
o f  anim als on th e  o th er  p l o t s ,  and fem ales d id  indeed  l i v e  lon ger  «
This w ould accou n t fo r  a g r e a te r  number o f  fem ales fo r  each week and 
each  trap p in g  p e r io d , bu t n o t fo r  the y e a r , s in c e  accord ing  to  th e  
la b o r a to r y  stu d y  more m ales would be a t  l e a s t  "p u ttin g  in  an 
appearance."
R eprodu ctive C ycle
In  exam ining th e  fem ale m ice , mammary gland developm ent and/ 
or a p e r fo r a ted  vag in a  were taken  as ev id en ce  o f  rep rod u ctive  a c t iv i t y o  
Of th e  f i v e  fem ale a d u lts  captured during sp r in g  trap p in g  on the  
m ainland p l o t ,  th r e e  were never seen  in  an ap p aren tly  a c t iv e  
r ep ro d u ctiv e  s t a t e .  During th e  same p er iod  a l l  m ales had en larged  
t e s t e s •
There were two a d u lt  fem ales in  th e  summer m ainland p op u la tion  
and b oth  were r e p r o d u e tiv e ly  a c t i v e .  One was a u to p sied  on Ju ly  I 7 and 
had sev en  embryos w ith  crown<-rurap le n g th s  o f  12 m il l im e te r s , N e ith er  
o f  th e  a d u lt  fem ales in  th e  f a l l  was r e p r o d u e tiv e ly  a c t iv e .
A t no tim e in  t h i s  stu d y  d id  a l l  th e  fem ales on L i t t l e  B ird  
I s la n d  appear r e p r o d u e tiv e ly  in a c t iv e .  The number o f  rep rod u ctive  
fem ales captured  per week never f e l l  below  50 per cen t o f  fem ales  
cap tu red .
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In  a d d it io n »  th ere  were th ree  new anim als fjrom sp r in g  trap p in g  
w hich c o u ld  be aged w ith  enough c e r ta in ty  to  say  th a t  two o f  them had 
been b o m  in  l a t e  O ctober or e a r ly  November and one during February o 
Of th e  f iv e  fem ales in  th e  f a l l  population» on ly  one — a su b ad u lt  
captured  once in  m id-September showed no s ig n  o f  rep rod u ctive  
a c t iv i t y *  Of th e  o th er  four f a l l  anim als » th ree  had w e l l  developed  
mammary g lan d s and were probably n u rs in g .
On th e  f i r s t  n ig h t  o f  trap p in g  in  the sp r in g  (March 31) two o f  
th e  th r e e  fem ales captured  appeared r e p r o d u e tiv e ly  a c t iv e ;  one o f  
th e se  had been n u rsin g  young r e c e n t ly .  Females d id  n o t appear to  be 
n u rsin g  betw een th e  end o f  March and mid-May; however » on ly  one 
cap tu re  o f  an im p erforate  a d u lt  fem ale was recorded  in  the sp r in g  
(March 31) « This same anim al was p e r fo r a te  by A p r il 28 .
On A p r il  28» 19^8 an a d u lt  fem ale was observed to  be e ith e r  
g iv in g  b ir t h  or a b o r tin g  a t  the tim e o f  w e ig h in g . When r e le a s e d  
back in to  the open tra p  c o n ta in in g  c o tto n  she turned and ran out 
w ith o u t h e s i t a t io n .
On L i t t l e  B u ll Is lan d »  th e  f a l l  p op u la tion  c o n s is te d  o f  on ly  
one a d u lt  animal» a m ale . Two t r a n s ie n t  fem ales d id  n ot appear 
r e p r o d u e tiv e ly  a c t iv e .  A l l  th ree  fem ales captured in  th e  sp r in g  were 
r e p r o d u e tiv e ly  a c t iv e ;  however » no young anim als were trapped . On 
May 25 a fem ale gave b ir th  in  a tra p  in  th e  cen te r  o f  the p lo t .  One 
new-born mouse was found in  th e  tra p  and th e  mother appeared to  be 
ca rry in g  more young when w eighed (31*4^ g . )  McCabe and Blanchard 
( 195 0» P® 3 1 ) in d ic a te  th a t  a t  b ir th  » P. m anicu latus make no n o ise»  
b u t t h i s  new-born mouse e m itted  a h igh  p itc h e d  squeak. The mother was
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r e le a s e d  back in t o  th e  open tra p  where she remained fo r  a t  l e a s t  
an oth er  15 m inutes * This was the o n ly  capture o f  t h i s  fem ale a so  she  
was pres-umably a t r a n s ie n t  on th e  p lo t»  Murie (19^3) concluded from 
h is  stu d y  in  Teton N a tio n a l Park th a t  n e ith e r  pregnancy nor parenthood  
in t e r f e r e  w ith  e x te n s iv e  tr a v e l in g  o f  Perom vscus, Another o b v io u sly  
pregnant mouse was recorded  in  e a r ly  May as a t r a n s ie n t  on the m ainland  
p lo t*
In  m ost c a s e s ,  th e  rep ro d u ctiv e  c o n d it io n  o f  males was d i f f i c u l t  
to  judge a c c u r a te ly , and o b serv a tio n s f e l l  in to  two g en era l c a te g o r ie s :  
( i )  t e s t e s  n o t  e n la r g e d , and ( i i )  t e s t e s  e n la rg e d , e i t h e r  d is te n d in g  the  
body w a ll  or w ith in  the scrotum»
G e n e r a lly , in  a l l  p o p u la tio n s , t e s t i s  s i z e  seemed to  in c re a se  in  
th e  sp r in g , f ir - s t  becoming n o t ic e a b ly  en larged  toward the end o f  A p r il ,  
and c o n tin u in g  to  en la rg e  throughout sp r in g  tra p p in g , S c r o ta l t e s t e s  
were noted  in  e a r ly  May on th e  mainland p lo t  in  two o f  th r ee  knovm m ales 
in  th e  a r e a , but n o t u n t i l  e a r ly  June on L i t t l e  B ird and L i t t l e  B u ll  
I s la n d s ,  when th e  scrotum  became e v id e n t in  tw o -th ird s o f  th e  males 
captured» The g en era l t e s t i s  s i z e  trend a grees w ith  th e  fin d in g s  o f  
McCabe and Blanchard (1950) fo r  Per omvs eus m aniculatus in  c e n tr a l  
C a lifo r n ia .
The f a c t  th a t  fem ales on L i t t l e  B ird  ap p aren tly  gave b ir th  during  
m ost, i f  n o t a l l  months o f  th e  y e a r , and th a t only one o f  th e  m ales 
cap tu red  in  th e  f a l l  appeared r e p r o d u e tiv e ly  a c l i v e , i s  in c o n s is te n t»
In b o th  summer and sp r in g , the f i r s t  appearance o f  J u v en ile s  in  
th e  L i t t l e  B ird  p o p u la tio n  lagged  behind t h e ir  appearance on the mainland 
by about th r e e  weeks» The f i r s t  sp r in g  appearance o f  ju v e n ile s  on
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L i t t l e  B u ll  I s la n d  may have been la g g in g  even fa r th e r  beh in d , i f  i t  was 
to  come a t  a l l ,  s in c e  no ju v e n ile s  had been captured by th e  co n c lu s io n  
o f  tra p p in g  in  June.
F urther ev id en ce  fo r  a d e layed  rep rod u ctive  season  on L i t t l e  B u ll  
I s la n d  l i e s  in  th e  f a c t  th a t  four o f  the f iv e  anim als captured th ere  in  
th e  f a l l  were su b ad u lt or j u v e n i le .  The f i f t h  was a young a d u lt .  In  
com parison, a l l  sev en  o f  the f a l l  m ainland anim als were young or f u l l  
a d u lt s ,  and seven  out o f  n in e  L i t t l e  B ird  Is la n d  mice were a d u lt .
Most au th ors agree th a t  the p r in c ip a l breed ing season  fo r  P. 
m an icu latu s ex ten d s from A p r il through th e  summer (McCabe and 
B lanchard, 1950 î B la ir ,  1942; Sheppe, I 963) » The peak o f  the season  
i s  a p p a ren tly  in  June, a lth ou gh  t h i s  would depend on c lim a te  and 
l o c a t io n ,  as would th e  e x te n s io n  o f  b reed in g  in to  th e  f a l l  and beyond.
In  n orth ern  M ichigan B la ir  (1942) r ep o rts  th a t  about ?0 per cen t o f  
th e  m ales were in  b reed in g  c o n d it io n  throughout Septem ber. Brown 
( 1945) c i t e s  ev id en ce  o f  th e  w in te r  breed in g  o f  Peromvscus in  K ansas, 
w ith  th ree  per cen t o f  th e  fem ales b e in g  grav id  in  January. S c h e ffe r  
( 1924) n o te s  th a t  P. m. gam beli breeds a l l  year  in  c e n tr a l e a s te r n  
W ashington; th e  a d u lt  m ales are alw ays in  b reed in g  c o n d it io n .
Of th e  th r ee  F la th ead  Lake p o p u la t io n s , a l l  appear to  be a t  l e a s t  
p a r t i a l l y  r e p r o d u e tiv e ly  a c t iv e  in  th e  w in te r  months (December to  
March) w ith  the b e s t  ev id en ce  coming from the two is la n d  p o p u la tio n s .
The apparent se a so n a l extrem es o f  b ir th  on th e  m ainland were th e  end 
o f  September and the b eg in n in g  o f  March. In  a d d it io n  to  th e  m ice on 
L i t t l e  B ird  I s la n d  w hich were a p p a ren tly  born during w in te r , probable  
tim e o f  b ir th  fo r  one L i t t l e  B u ll I s la n d  mouse was the f i r s t  o f
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January, s in c e  h is  young a d u lt  to  f u l l  a d u lt  m olt was com pleted  
i n  mid-May,
R eplacem ent R ates
S t r i c t l y  sp ea k in g , th e  rep lacem ent r a te  (R^) o f  a p op u la tion  i s  
a fu n c t io n  o f  th e  su r v iv in g  fem ales in  each age group and th e  age 
s p e c i f i c  b ir t h  r a t e s . Such p r e c is e  in form ation  cannot be determ ined  
by l i v e  tr a p  d a ta . An approxim ate measure o f  th e  rep lacem ent r a te  i s  
a com parison o f  th e  number o f  anim als in  the p op u la tion  a t  one p o in t in  
tim e w ith  th e  number o f  fem ales from a p rev iou s p o in t in  tim e . The 
rep lacem ent r a te  o f  fe m a le s , c a lc u la te d  in  a s im ila r  way, i s  perhaps a 
b e t t e r  m easure o f  p r e se n t and fu tu re  p op u la tion  growth.
On th e  m ainland and L i t t l e  B u ll  p lo ts  new anim als may have 
m igrated  in t o  th e  area; th e  rep lacem ent r a te  w i l l  s t i l l  g iv e  an 
e stim a te  o f  th e  growth o f  th e  p o p u la tio n  in  th a t  d e fin e d  a r e a . Table 
8 summarizes rep lacem ent and fem ale rep lacem ent r a t e s .  Only r e s id e n t  
anim als were co n sid er ed . D ates were a r b i t r a r i ly  s e le c t e d  and th e  
rep lacem en t r a te s  were computed fo r  th e  two p o p u la tio n s a t  th o se  t im e s . 
Near th e  c o n c lu s io n  o f  trap p in g  s e v e r a l  new anim als which may have 
become p a r t o f  th e  r e s id e n t  p o p u la tio n  were captured  on ly  on ce . The 
e a r ly  to  l a t e  sp r in g  r a t e s ,  th e n , are u n ce r ta in  and th e  two f ig u r e s  
r e p r e se n t  th e  r a te  c a lc u la te d  o n ly  from th e known r e s id e n ts  and then  
th e  r a te  c a lc u la te d  on the assum ption th a t  a l l  anim als captured o n ly  
once w ith in  th e  l a s t  th ree  weeks d id  become r e s id e n t s . The a c tu a l  r a te  
probab ly  l i e s  somewhere betw een th e  two ex trem es. The L i t t l e  B u ll  
popu3_ation was n o t  in c lu d ed  s in c e  i t  a p p a ren tly  con ta in ed  no r e s id e n t
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Table 8 .  Replacement. R ates
P lo t
J u ly  22 t o  O ct. 29 
Ro ^ 0
O ct. 29 to  Apr. 8
Ro SRo












1 .0 0 1 .0 0 3 .0 0 2 .0 0 2 , 50-
6 .0 0
2 .0 0 -
3 .5 0
3 -0 0 2 .0 0 1 .5 0 1 .5 0 1 . 30-
1 .6 7
1 .0 0 -
1 .2 5
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fem ales t u i t i l  l a t e  A p r i l .  By Jime t h ir d ,  the p o p u la tio n  in c lu d ed  a t  
l e a s t  o n e , and p o s s ib ly  two r e s id e n t  fe m a le s , in  a d d it io n  to  fo u r , 
p o s s ib ly  sev en  m a les .
The r a te s  o f  cou rse  r e p r e se n t  th o se  young th a t  reached trappab le  
age and i s  no r e f l e c t io n  on th e  l i t t e r  s i z e .  The r a te  o f  P* m aniculatus 
s u r v iv a l  to  trap p ab le  age in  th e  w ild  i s  unknown.
Both th e  L i t t l e  B ird  and L i t t l e  B u ll  I s la n d  p op u la tion s were 
d e f i n i t e l y  in c r e a s in g  throughout th e  tim e th ey  were b eing  su rveyed . On 
th e  o th e r  hand th e  m ainland p o p u la tio n  d e c lin e d  from e a r ly  to  l a t e  
s p r in g , w ith  th e  fem ale rep lacem ent r a te  l e s s  than one.
The d e n s ity  f ig u r e s  from th e w estern  s id e  o f  L i t t l e  B ird Is la n d  in  
th e  f a l l  in d ic a te  th a t  th e  p o p u la tio n  was d e c lin in g , w h ile  the rep lacem ent 
r a te s  show th a t  i t  was s t a b le .  The p o p u la tio n  d id  n o t d e c l in e ,  but 
in c r e a se d  by two and a h a l f  tim es in  th e  sp r in g . Annual rep lacem ent 
r a te s  are  b e t t e r  in d ic a to r s  o f  p o p u la tio n  s ta tu s e s  in  t h i s  case  than  
are d e n s ity  tr e n d s .
Age S tr u c tu r e
I  o r ig in a l ly  thou ght th a t  age s tr u c tu r e  m ight g iv e  some in d ic a t io n  
o f  th e  s ta tu s  o f  p o p u la tio n s in  t h i s  s tu d y . The data d id  n o t confirm  
th e  h y p o th e s is  fo r  t h i s  reason : th ere  i s  a p er io d  o f  o n ly  f iv e  or s i x
weeks when an anim al may be trapped as a J u v en ile  or su b a d u lt, and an 
a d d it io n a l  te n  weeks when he may p o s s ib ly  appear more gray than a f u l l  
a d u lt .  S in c e  trap p in g  was d isco n tin u e d  fo r  a p er io d  o f  f iv e  to  n in e  
weeks in  th e  f a l l  and 22 weeks during w in te r , th e  p o p u la tio n  s tr u c tu r e  
changed g r e a t ly  by m o r ta l i ty ,  n a t a l i t y ,  m a tu r ity , and m ig ra tio n . Thus
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th e  s m a ll ,  young p o p u la tio n  on L i t t l e  B u ll I s la n d  in  th e  f a l l  became a 
p o p u la tio n  o f  fou r  a d u lt  anim als by m id -A p ril — none o f  them a carry­
over JEVom f a l l .  Through the rem ainder o f  sp rin g  th ree  more r e s id e n t  
a d u lts  were added. So a lth ou gh  no n o n -a d u lts  had been captured s in c e  
e a r ly  O ctober, th e  p o p u la tio n  grew throughout sp r in g  by a d d it io n  o f  new 
a d u lts  »
The y o u n g est anim al record ed  in  t h i s  stu d y  was a th ree  week o ld  
m ale on th e  w e stern  s id e  o f  L i t t l e  B ird  I s la n d . He w eighed ? grams and 
h is  head was n o t ic e a b ly  la r g e  in  p rop ortion  to  the r e s t  o f  h is  body, 
u n lik e  o ld e r  j u v e n i l e s .
The h ig h e s t  p ro p o rtio n  o f  n o n -a d u lt anim als was seen  on L i t t l e  
B ird  I s la n d  in  th e  s p r in g . Of 22 anim als marked (te n  captured on ly  
once) s i x  were j u v e n i l e s ,  fou r  were su b a d u lts , and 12 were a d u lt s .
Of th e  10 n o n -a d u lts , o n ly  one capture o f  a su b ad u lt was recorded  on 
th e  e a s te r n  s id e  and one young fem ale was captured tw ice  on each s id e  
o f  th e  i s la n d .  Other than t h a t ,  th e  young anim als were e x c lu s iv e ly  on 
th e  w estern  s id e .  The a d u lt  fem ales were d iv id e d  e v e n ly  between th e  
two s id e s  o f  th e  i s la n d ,  but no a d u lt  male was captured on the e a s te r n  
s id e  u n t i l  May 6 .  Both t h i s  m ale and th e  o n ly  oth er  r e s id e n t  male on 
th e  e a s te r n  s i d e ,  had s h i f t e d  t h e ir  home ranges from th e  w estern  s id e ,
B la ir  (19^0) d is c u s s e s  th e  f a c t  th a t  P. m anicu latus o fte n  
a g g reg a te  in  th e  w in te r  and su b seq u en tly  d is p e r se  in  s p r in g . I f  such  
a g g r e g a tio n  occurred  on th e  w estern  s id e  o f  L i t t l e  B ird Is la n d  in  
w in te r , and b reed in g  d id  con tin u e a l l  w in te r , th e  rep o rted  h igh  
in c id e n c e  o f  new anim als would be exp ected  in  e a r ly  sp r in g  w ith  
co n seq u en tly  many more ju v e n ile s  in  l a t e  sp r in g .
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In  1961 th e  p rop ortion  o f  n o n -a d u lt to  a d u lt  anim als on the  
w e ste rn  si.de was about th e  same as I 968 fo r  th e  w estern  s id e .  Trapping 
on th e  e a s te r n  s id e  was in com p lete  (H alvorson and Fairman, 1 9 6 1 ),
In  summary, in  th e  p r e sen t stu d y  young P. m aniculatus were uneven ly  
d is  t r ib u te d .
L o n g ev ity  and S ea so n a l Turnover
As m entioned ab ove, Sheppe ( I 963) noted  th a t  fem ale Peromvscus l i v e  
lo n g e r  th an  m a le s . This was confirm ed in  th e  p resen t stu d y  fo r  th e  L i t t l e  
B ird  I s la n d  p o p u la tio n , where th e  average span o f  tim e through which  
fem ales were fo llo w e d  was 19*6 w eek s, as opposed to  7 weeks fo r  m ales.
On th e  o th er  hand, comparable f ig u r e s  from o th er  p lo t s  were 1 3 .4  
and 1 6 .3  weeks fo r  m ainland fem ales and m a les , r e s p e c t iv e ly ,  6 weeks fo r  
th e  one L i t t l e  B u ll  fem a le , and 6 .4  weeks fo r  L i t t l e  B u ll m a les . I t  
appears t h a t ,  in  t h i s  s tu d y , n o th in g  d e f in i t e  can be s ta te d  in  regard  
t o  se x  d if f e r e n c e s  in  lo n g e v it y ,
F o ster  (1964) r e p o r ts  th a t  Peromvscus on is la n d s  a lon g  th e  B r it is h  
Columbia c o a s t  average o ld e r  than th o se  on la r g e r  is la n d s  or the  
m ainland# C e r ta in ly  th e  th r ee  anim als trapped over the lo n g e s t  p eriod  
in  t h i s  s tu d y  were on L i t t l e  B ird I s la n d :  4 8 , 4 6 , and 45 w eek s, a l l  
fem ales#  The anim al trapped fo r  th e  n e x t  lo n g e s t  p er io d  o f  tim e was a 
m ainland fem ale record ed  over a 33 week p e r io d . U n fortu n ate ly  the  
L i t t l e  B u ll  I s la n d  p o p u la tio n  was fo llo w ed  fo r  o n ly  40 weeks a l l  
to g e th e r  and trap p in g  was a p p a ren tly  begun a t  a tim e o f  an ex trem ely  
low  pop u lation #  The p lo t  rep resen ted  an in term ed ia te  s i t u a t io n  — an 
i s la n d  where m ig ra tio n  on and o f f  th e  p lo t  was p o s s ib le .  The 
lo n g e v ity  reco rd  th ere  was 10 weeks fo r  a male s t i l l  a l iv e  a t  th e
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c o n c lu s io n  o f  tr a p p in g . A reduced number o f  predators on is la n d s  i s  a 
l i k e l y  e x p la n a tio n  o f  lo n g e v it y .
S e a so n a l turnover p resen ted  a ra th er  su r p r is in g  p ic tu r e . W inter 
c a r r y -o v e r , w hich i s  g e n e r a lly  n o t  exp ected  to  be very  h ig h , was 75 
per c e n t  on b oth  th e  m ainland and L i t t l e  B ird  I s la n d . The one r e s id e n t  
L i t t l e  B u ll  I s la n d  mouse a p p a ren tly  d id  n o t remain on th e  p lo t  over  
w in te r .  None o f  th e  summer m ainland anim als were recaptured  during  
f a l l  tr a p p in g , w hich began te n  weeks l a t e r .  In  c o n tr a s t , a l l  o f  th e  
summer L i t t l e  B ird  I s la n d  anim als were recorded  a ga in  in  th e  f a l l .
The th r e e  L i t t l e  B ird  Is la n d  w in te r  su rv iv o rs  had been marked the  
p rev io u s summer; two o f  th e  th ree  were trapped on June 10; th e  th ir d  
mouse had n o t been  captured  s in c e  mid-May, but was p o s s ib ly  s t i l l  a l iv e  
in  June.
P h y s ic a l V a r ia tio n
W eigh t. -  W eight data in  Table 9 have been grouped by age and by 
s e x .  Age c a te g o r ie s  are as d e sc r ib ed  ab ove, and are a p p ro p r ia te , s in c e  
th e  growth r a te  o f  P . m a n ic u la tu s . w ith  r e s p e c t  to  w e ig h t , d e c lin e s  to  
a lm o st zero  by te n  weeks o f  age (McCabe and B lanchard, 1950) '— th e tim e 
o f  com p letion  o f  th e  p o s t  ju v e n ile  m o lt.
Females were g e n e r a lly  h e a v ie r  than m ales on a l l  p lo t s .  The 
in d ic e s  o f  s e x u a l dimorphism o f  a d u lts  w ith  r e s p e c t  to  w e ig h t (average  
fem ale w e ig h t as percen tage o f  average male w e ig h t) are : m ainland
p lo t  112; L i t t l e  B ird I s la n d , 101; and L i t t l e  B u ll I s la n d , 106. There 
i s  v e r y  l i t t l e  d if fe r e n c e  in  w e ig h ts  betw een the s e x e s , and c e r ta in ly  no 
more on th e  is la n d s  than on th e  m ainland p lo t .  S e lan d er  (1966) b e l ie v e d
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Table 9* Mouse W eights in  Grams
M ales Females
P lo t #  record ed X ranee #  recorded X ranee
A d u lts —  Summer
ML 4 1 9 .1 1 8 .2 -
20 ,1
8 2 1 ,8 1 3 . 2-
2 6 ,0
LB 12 2 2 .7 20 , 0— 
2 5 .6
15 2 2 ,2 17. 2-
2 8 ,3
1% 1 2 1 .7 7 2 4 ,2 2 1 , 0~
2 8 ,3
1% 11 2 2 ,8 2 0 , 5- 8 2 0 ,8 1 7 . 2-
2 5 ,6 2 7 .7
NV 4 1 8 .1 1 6 ,4 -
2 0 ,4
2 16 ,2 15 . 2-
1 7 .2
A d u lts —  F a l l
ML 9 1 6 ,2 13 « 0—
2 0 ,4
2 1 4 ,2 1 2 ,0 —
1 6 ,4
LB 6 2 0 ,8 1 5 . 9 -
2 3 ,2
8 1 9 .9 1 4 ,5 -
2 5 .9
1% 1 2 3 ,0 4 1 9 .8 1 7 .6 -2 2 ,8
LBg 5 2 0 .3 15*9" 4 2 0 ,0 1 6 , 6-
2 3 .2 2 5 .9
Bu 1 15 ,0
A d u lts —  Spring
1 5 ,4 -
2 8 .3
ML 21 1 8 ,6 1 1 ,5 “
2 4 .7
12 2 1 ,3
LB 13 2 1 ,7 1 7 .1 “
2 7 .5
31 2 2 ,5 1 4 .8 -
3 0 ,7
1% 7 2 2 ,6 1 8 .6 - 18 2 2 ,7 1 4 ,8 -
2 7 .5 3 0 ,7




Bu 29 2 3 .5 1 5 .5 “
2 9 .5
7 2 2 . 9-
3 1 .4
A d u lts — T o ta l
ML 34 1 8 ,0 1 1 .5 “
2 4 ,7
22 2 0 .2 1 2 ,0 -
2 8 ,3
LB 31 2 1 ,9 1 5 .9 “
2 7 .5
5^ 22 ,1 1 4 ,5 -
3 0 .7
9 2 2 .6 1 8 .6 - 29 2 2 ,7 1 4 ,8 -
2 7 .5 3 0 ,7
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Table 9 • C on t * d
M ales
P lo t  #  record ed  x  ranee
Females
#  recorded  x  ranee
A d u lts  — T o ta l (C on t'd )
LBp 22 2 1 .6  1 5 o9 -
2 5 .6
Bu 29 2 3 .5  15 - 5-
2 9 .5
25 2 1 .4  1 4 .5 -
2 7 .7
8 2 4 .8  1 5 . 0-
3 1 .4





5 2 3 .9  20 . 6 -
25 .6
2 1 3 .8  13 . 0-
1 4 .5
1 1 4 .5
1 1 3 .0
2 1 5 .9  1 5 .4 -
16 .3
Su bad ults — F a ll
Bu 3 1 7 .0  1 5 . 5-
18o5
Su badults — Spring  
ML
LB 3 2 0 ,0  1 9 . 3=
2 0 .6
LBr, 2 1 9 .8  19 . 3-
2 0 .2
LBg 1 2 0 .6
3 1 6 .8  13 . 3-
19 .4
4  2 0 ,4  1 8 .4 -
2 1 .8
3 2 1 .0  19 . 9-
2 1 .8
1 1 8 .4
Su b ad u lts — T ota l 
ML
LB 3 2 0 .0  1 9 . 3-
2 0 .6
L a . 2 1 9 .8  19 . 3-
2 0 ,2
LBg 1 2 0 .6
Bu 3 1 7 .0  1 5 . 5-
1 8 .5
8 2 1 .2  13 . 3-
2 5 .6
6 1 8 .2  13 . 0-
2 1 .8
4  1 9 .4  1 4 .5 -
2 1 .8
2 1 5 .7  1 3 . 0-
1 8 .4
Table 9 * C ont' d
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P lo t  #  record ed
M ales
_ X ran se
Females 
#  recorded  x ranee
J u v e n ile s — Summer
ML 1 1 1 .8 1 2 0 .4
J u v e n ile s — F a ll
ML 1 1 3 .4
LB 1 1 6 .7 1 15 .1
1 1 6 .7 1 13 .1
Bu 1 1 5 .6
J u v e n ile s — Spring
ML 1 1 4 .7 1 14 .1
LB 3 0 9 .3 0 7 . 0- 3 1 5 .9 11 . 0»
1 0 .6 18 .6
L% 3 0 9 .3 07 . 0” 3 15 .9 11 . 0-
1 0 .6 18 .6
J u v e n ile s c=—> T o ta l
ML 3 1 3 .3 1 1 . 8 » 2 17 .3 1 4 .1 -
1 4 .7 2 0 .4
LB 4 11 .1 07 . 0- 4 15-7 1 1 . 0 —
1 6 .7 18 .6
3 0 9 .3 0 7 . 0- 3 15 .9 1 1 . 0 -
1 0 . 6 1 8 .6
1 1 6 .7 1 13.1
Bu® 1 15 .6
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th a t  g r e a te r  se x u a l dimorphism o f  Caribbean b ird s was a r e s u l t  o f  having  
more freedom fo r  d ivergence» I f  d i f f e r e n t  food h a b its  d ev e lo p , i t  
red u ces in te r s e x u a l  co m p etitio n  fo r  food»
Table 10 summarizes th e  "z" v a lu es  ob ta in ed  in  comparing a d u lt  
w e ig h ts  u s in g  a com bination o f  th e  Mann-Whitney U T est and th e  "z"
T est» A v a lu e  o f  I .96  or more in d ic a te s  s ig n if ic a n c e  a t  th e  «05 l e v e l  ; 
1*65 or more shows s ig n if ic a n c e  a t  th e  »10 le v e l»
The a d u lt  m ice o f  L i t t l e  B u ll  and L i t t l e  B ird Is la n d s  were 
g e n e r a l ly  h e a v ie r  than th o se  on th e  m ainland p lo t»  The d if fe r e n c e  i s  
s i g n i f i c a n t  a t  th e  »05 l e v e l  among th e  m ales? a ls o  th ere  i s  a s ig n i f i c a n t  
d if f e r e n c e  betw een th e  p op u la tion s o f  the two is la n d s  » Narrows V il la  
a d u lt  m ales were s i g n i f i c a n t ly  l ig h t e r  than th o se  o f  L i t t l e  B ird  I s la n d ,  
and n o t  s i g n i f i c a n t l y  d i f f e r e n t  from th e  m ainland a d u lt  males»
When a l l  th e  data  fo r  the year  are c o n sid ered , the a d u lt  fem ales 
on th e  th r ee  p lo t s  d id  n o t vary  s ig n if ic a n t ly »  In  the sp r in g , how ever, 
th e  L i t t l e  B u ll  a d u lt  fem ales were much h ea v ier  than th ose  o f  th e  other  
two p lo t s  (z  ^ 2» 32 when compared to  th e  m ainland p lo t  and 2» 43 
compared to  L i t t l e  B ird I s la n d )  » I t  i s  d o u b tfu l th a t  t h i s  i s  c o r r e la te d  
w ith  rep ro d u ctiv e  c o n d it io n  s in c e  a g r e a te r  p ercentage o f  m ice were 
r e p r o d u e t iv e ly  a c t iv e  on L i t t l e  B ird  Is la n d  a t  th e  t im e , and o n ly  one 
w eig h t on L i t t l e  B u ll I s la n d  was from an o b v io u sly  pregnant mouse »
The m ales o f  th e  th ree  main p lo t s  d i f f e r e d  s i g n i f i c a n t ly  from each oth er  
in  a l l  th ree  season s»
Comparisons o f  su b ad u lts u s in g  th e  Mann-Whitney U t e s t  showed a 
s i g n i f i c a n t  d if fe r e n c e  a t  the »10 l e v e l  between m ainland and L i t t l e  
B ird  I s la n d  fem ale su b a d u lts  » No o th er  groups o f  su b ad u lts nor any o f
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Table 10# "z" Values in  W eight Comparisons
P lo ts  compared Males
A dults
Females
ML -  LB 4 .6 4 0.80
ML — Bu 4.86 1.83
IjB “ Bu 2.33 1 .9 4
LB^ » LBg 1 .5 2 1 .3 0
NV = LB 2 .7 9
NV “ ML 1.44
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th e  ju v e n i le  groups v a r ie d  s i g n i f i c a n t ly  from each o th er  o
The l i t e r a t u r e  in d ic a te s  th a t  rodents on is la n d s  are u s u a lly  
' la r g e r  * than  t h e ir  presumed m ainland a n c e sto rs  (summarized by F o s te r ,  
1964) ,  Presum ably, t h i s  i s  "with r e s p e c t  to  w eight* Along 3 ,0 0 0  
m ile s  o f  th e  w estern  c o a s t  o f  North Am erica, F o ster  has found th a t  th e  
g r e a te r  th e  degree o f  i s o l a t io n  o f  the i s la n d ,  the la r g e r  th e  body s i z e  
o f  i t s  r e s id e n t  Feromvse u s *
The r e s u l t s  o f  th e  p resen t stu d y  in d ic a te  th a t  the f a c to r ( s )  
prom oting in c r e a se d  w e ig h t on th e  is la n d s  seem to  a f f e c t  the m ales more 
than fem ales*  Whether th e se  fa c to r s  are environm ental or g e n e tic  i s  an 
open q u estio n *  The p o p u la tio n s may n o t have been i s o la t e d  lon g  enough 
t o  undergo a gene frequ en cy  s h i f t ,  a lth ou gh  in s u la r  ad ap ta tion s are  
more r a p id  than th o se  on la r g e r  lan d  m asses* Due to  a sm a ller  gene 
p o o l and th e  r e s t r i c t i o n  o f  flow  o f  genes from o th er  p o p u la tio n s , 
hom ozygosity  w i l l  in c r e a se  in  a v ery  sh o r t  tim e (R ensch, I96O, p*36)*
I f  the fa c to r s  are environm ental the data su g g e s t  th a t  th e  m ales * 
b eh av ior  exp oses them more to  th e se  fa c to r s  and con seq u en tly  th ey  are  
in f lu e n c e d  more* The sm a ller  m ales on Narrows V i l l a ,  w estern  is la n d ,  
may r e f l e c t  environm ental d if fe r e n c e  o f  th e  i s la n d ,  a lthou gh  the  
ab erran t p e la g e  o f  two o f  th e  fem ales i s  p o s s ib le  ev id en ce th a t  g e n e t ic  
change has r e s u lt e d  in  phenotyp ic d if f e r e n c e s  s in c e  1953<»
Rensch ( I 96O) has sp e c u la te d  on the advantages o f  g e n e t ic a l ly  
f ix e d  la r g e r  s iz e *  A la r g e r  anim al ten d s to  l i v e  lo n g e r , thus  
g a th e r in g  a n t ib o d ie s  and e x p e r ie n c e , and he i s  g e n e r a lly  more e f f i c i e n t  
m e ta b o l ic a lly  s in c e  h is  su r fa c e  to  volume r a t io  i s  decreased  and l e s s  
h e a t  i s  lo s t *  I f  la r g e r  s i z e  i s  accompanied by in c r e a se d  r e la t iv e
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b r a in  s i z e  th e re  i s  an o r g a n iz a tio n a l advantage to  having more nerve  
c e l l s •
However, in  m ainland p o p u la t io n s , sm a ller  s i z e  i s  an advan tage, 
There i s  l i t t l e  co m p etitio n  from la r g e r  r o d e n ts , and i t  i s  e a s ie r  to  
h id e  from p r e d a to r s .
In  t h i s  stu d y  th ere  was no c o r r e la t io n  between body w eigh t and 
p o p u la tio n  density®  Even in  I 96I ,  when d e n s ity  on the w estern  s id e  
o f  L i t t l e  B ird  Is la n d  was te n  tim es more than in  I 967 , th ere  was no 
s i g n i f i c a n t  d if fe r e n c e  in  th e  w e ig h t o f  a d u lt  fem ales o f  th e  two 
summers (z  = 1«59) ( s e e  Table 11)* The data are i n s u f f i c i e n t  fo r  a 
s t a t i s t i c a l  com parison o f  a d u lt  males*
T a il  le n g t h * -  F o ster  (1964) a ls o  found th a t  fo r  sp e c ie s  o f  
Feromvs eus on is la n d s  a lon g  w estern  North Am erica, t a i l  le n g th  i s  
u s u a l ly  s i g n i f i c a n t ly  sh o r te r  than th a t  o f  comparable p op u la tion s on 
th e  mainland® He su g g e s ts  th a t  a lo n g er  t a i l  means g rea ter  a g i l i t y  — 
a t r a i t  th a t  i s  more im portant when predators are present®
The data in  Table 12 come from some o f  the a d u lts  o f  th e  
p o p u la tio n s in  t h i s  study® The age c a te g o ry  o f  a d u lt  i s  a g a in  v a l id ,  
s in c e  t a i l  le n g th  reach es a maximum a t  about seven  weeks® This 
corresponds w ith  the com p letion  o f  the g ra y ish  a d u lt  p elage  (McCabe 
and B lanchard , 1950)»
T a il  le n g th s  o f  L i t t l e  B u ll I s la n d  mice were s i g n i f i c a n t ly  
lo n g e r  than th o se  o f  e i t h e r  o f  th e  o th er  two p o p u la tio n s (Mann- 
W hitney U T e s t ,  p = ®05) thus running counter to  F o s te r 's  (op® c i t ®) 
su ggestion®
a l l  d e n s i t i e s  d i r e c t ly  c a lc u la te d
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Table 11 . Sxanmary o f  Average Adialt W eights and 
P op u la tion  D e n s it ie s  s L i t t l e  B ird I s la n d , W estern S id e
1961 1967 1968
Snmmer Simmer F a ll Spring
X vrto denso^ X wto dens » X w t . dens . X w t. d en s.
?  2 0 ,3 0  8 ,1 3 2 2 .7 0  O063 19.80  1 .25 22 .70  1 .87
9  2 1 ,1 0  1 0 ,00 2 1 .7 0  0 .6 3 2 3 .0 0  0 .63 22 .60  2 .5 0
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Table 12* T a il  Lengths in  M illim e ter s
P lo t #  measured X ranee
ML 6 7 3 .5 65 -  100
LB 12 7 1 .1 60 —' 85
Bu 7 76*3 72 •  80
NV 4 6 5 .8 6 4 - 6 9
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C ran ia l measurements » -  C ran ia l measurements taken on anim als th a t  
d ie d  in  th e  tra p s show no s ig n i f i c a n t  d if fe r e n c e  between th e  p op u la tion s  
(T able 13) .
Home Range
In  c a se s  where an anim al was captured f iv e  or more t im e s , and in  
more than  two tra p s n o t in  a s t r a ig h t  l in e *  a minimum home range has 
been determ ined* C a lcu la ted  home ranges in  t h i s  stu dy sim p ly  c o n s is t  
o f  a polygon  made by con n ectin g  th e  m ost o u tly in g  p o in ts  o f  ca p tu re ,
The r e s u l t in g  area w i l l  be r e fe r r e d  to  as minimum home range» This 
g iv e s  a t r a p -r e v e a le d , or apparent home range» I t  i s  p o s s ib le ,  a lthou gh  
n o t a t  a l l  p ro b a b le , th a t  the an im al' s a c tu a l  range corresponds to  
t h i s  » More p rob ab ly , th e  home range extend s beyond some o f  the trap s  
and i s  ir r e g u la r  in  o u t l in e  (Hayne, 19^9) » I t  a ls o  seems probable  
th a t  each  anim al * s range would in c lu d e  th o se  trap s w ith in  th e  boundary 
o f  a polygon  d e sc r ib in g  h is  p o in ts  o f  capture » These two assum ptions 
v e ry  g e n e r a lly  oppose each  o th er ; th e  f i r s t  ig n o res  area which m ight 
be p a r t o f  th e  home ra n g e , and th e  second adds area n o t known fo r  su re  
to  be p a r t o f  th e  range»
Table 14 summarizes minimum home range data from th ree  p lo ts  » 
Maximum d is ta n c e  r e f e r s  to  th e  lo n g e s t  in t e r v a l  between trap s in  which  
an an im al was taken» On L i t t l e  B ird  Is la n d  fou r  m ales made ex cu rsio n s  
from one s id e  o f  th e  is la n d  to  th e  o th er  » In  two ca ses  th ey  retu rn ed  
to  t h e ir  form er ranges» These ex cu rsio n s are exclud ed  from th e  average  
maximum d is ta n c e  c a lc u la t io n ,  because such movements m ight have occurred  
on th e  o th er  n o n - is o la te d  p l o t s ,  bu t would have gone u n d etec ted .
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T able 13* Average C ran ia l Measurements in  M illim eters
P lo t sam ple Lengthy N asal Width^ Breadth ĉ Tooth row^
ML 3 2 3 .4 1 0 .0 11 .9 4 .0 3 -4
LB 6 2 3 .6 1 0 .3 1 1 .8 4 .1 3 -6
Bu 2 2 2 .4 9 -0 1 1 .4 4 .0 3 -5
NV 5 2 4 .7 1 0 .8 1 1 .2 3 -9 3 -4
^ g r e a t e s t  le n g th  ^ w id th  a t  th e  p o s te r io r  end o f  th e  zygom atic arch  
°  in t e r  o r b i t a l  bread th  ^ a lv e o la r  le n g th  o f  m a x illa r y  to o th  row
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Table 14» Average Miniiatmi Home Range S iz e
P lo t Samnle s i z e Square f e e t Acres X max. d is ta n c e
ML 5 17 ,013 .391 298 '
LB 8 12,489 .287 252 '
3* 1501
1961 10 12 ,167 .279 193’
Bu 4 12 ,356 .284 228'
* This in c lttd es  o n ly  th o se  anim als whose ranges were a s t r a ig h t  l in e
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Average home range s i z e s  on each o f  th e  two is la n d s  i s  s i g n i f i c a n t ly  
s m a lle r  than  on th e  m ainland (Mann^Whitney U T ests p = o 0 5 ) »  I t  may be 
argued t h a t  movement on L i t t l e  B ird Is la n d  would be r e s t r i c t e d  anyway; 
however» no anim al in d ic a te d  a home range as la r g e  as even the sm a ller  
o f  th e  two lo b e s  o f  th e  island®  On L i t t l e  B u ll I s la n d  mice were fr e e  to  
m igra te  on and o f f  th e  p lo t  in  th ree  d ir e c t io n s  » the same as on the  
m ainland* In  t h i s  c a s e ,  th e  d if fe r e n c e  in  home range s i z e  i s  p a r t ic ­
u la r ly  in te r e s t in g *
S e v e r a l anim als were fo llo w ed  fTom ju v e n ile  to  a d u lt  s t a g e s ,  but 
i t  was n o t  p o s s ib le  t o  e s t a b l i s h  a home range fo r  each o f  th e  th ree  age 
c a te g o r ie s*  S iz e  o f  home range o f  non*adults was e s s e n t i a l ly  the same 
as t h a t  o f  a d u lts*
There was no d if fe r e n c e  in  home range s i z e  between th e  sex es  on 
each  p lo t*  A ls o , th e re  was no s ig n i f i c a n t  d if fe r e n c e  in  home range 
s i z e  betw een th o se  anim als trapped fo r  two or th ree  season s (s e e  below ) 
and th o se  p r e se n t during o n ly  one season* A p p aren tly , th e n , th e  home 
ran ges d id  n o t s h i f t  r a d ic a l ly  through th e  course o f  a year*
Other methods o f  determ in ing  home range in v o lv e  adding to  th e  
minimum area  an area  in  which th e  mouse probably would have gone had he 
n o t been  in te r r u p te d  by trap p in g  (Hayne, 19^9? S t i c k e l ,  195^ )o U su a lly  
t h i s  i s  h a l f  th e  d is ta n c e  to  the n e x t t r a p , so  t h i s  would make one s e t  
o f  data  comparable on ly  to  o th ers  where th e  tra p  sp acin g  was id e n t i c a l .  
S t i c k e l  (oPo c i t * ) found th a t  th e  e x c lu s iv e  boundary s t r i p  method most 
c lo s e l y  approxim ated a c tu a l home ran ge , u s in g  t h e o r e t ic a l  data* This 
in v o lv e s  adding a r e c ta n g le  o f  one h a l f  th e  d is ta n c e  t o  th e  n e x t tra p  
around each  p o in t  o f  c a p tu r e , th en  con n ectin g  the corners o f  th e
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r e c ta n g le s  so  as to  in c lu d e  th e  l e a s t  p o s s ib le  continuous area* Because 
p a r ts  o f  each  p lo t  came w ith in  25 f e e t  o f  th e  la k e  sh o r e , use o f  t h i s  
method was n o t p r a c t ic a l  in  th e  p resen t study* Another method i s  to  
use th e  maximum d is ta n c e  between p o in ts  o f  capture as the diam eter o f  a 
c i r c l e  w hich d e sc r ib e s  th e  home range* This i s  n o t r e a l i s t i c  in  th e  
p r e se n t s tu d y , as can be seen  by comparing maximum d is ta n c e  f ig u r e s  w ith  
c a lc u la te d  minimum home range s iz e s *  On L i t t l e  B ird I s la n d , fo r  exam ple, 
one mouse co n fin ed  i t s  range to  a 200 fo o t  s t r i p  a long  the lak e  sh o re , 
w h ile  anoth er mouse w hich a ls o  tr a v e le d  a maximum d is ta n c e  o f  200 f e e t  
had a minimum home range o f  *283 acres*
A lthough home range s i z e s  were sm a ller  on th e  i s la n d s , t h i s  i s  n o t  
t o  su g g e s t  th a t  i t  i s  due m erely  to  b e in g  on an islan d *  B io t ic  fa c to r s  
are probab ly  more im p ortan t, e s p e c ia l ly  v e g e ta t io n  and th e  presence o f  
o th er  mice* As the com parative v e g e ta t io n  l i s t  and photographs in d ic a t e ,  
th e re  are  some d if f e r e n c e s  between th e  th ree  p lo t s ,  both  in  sp e c ie s  
com p osition  and d e n s i ty ,  w ith  th e  two is la n d  p lo t s  b e in g  more s im ila r*
I f ,  h y p o th e t ic a l ly ,  m ice p r e fe r  as food one or more o f  th e  sp e c ie s  
found abundantly  on th e  is la n d s  b u t n o t on the m ainland (exam ples are  
A rctosb an h vlos u v a - u r s i* S m ilic in a  raeemosa * and Balsam orhiza s a g i t ta ta )  
th e y  m ight n o t t r a v e l  as fa r  to  f u l f i l l  t h e ir  food requirem ents* A lso ,  
the la c k  o f  o th er  sm a ll mammals which m ight be com p etitors means t h e ir  
movements can be more confined*
Tlie m ost s t r ik in g  example o f  home range in  r e la t io n  to  v e g e ta t io n  
was th e  summer and f a l l  p o p u la tio n  on the w estern  s id e  o f  L i t t l e  B ird  
Is la n d *  The v e g e ta t io n  on th a t  p a r t o f  the is la n d  i s  ex trem ely  d e n se , 
b u t r a th e r  ab ru p tly  th in s  ou t near shore* Of the 17 c a p tu r e s , a l l
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e x c e p t  one were record ed  from th e  p e r ip h e r a l trap s i th e  one e x ce p tio n  
was 60 f e e t  from sh o r e . Home ranges o f  th e  th ree  mice in v o lv ed  c o n s is te d  
o f  100 to  200 fo o t  lo n g  s t r i p s .  Other c a se s  i l l u s t r a t e  resp onse to  
v e g e ta t io n  p a tte r n . The m a jo r ity  o f  mice on th e  e a s te r n  s id e  o f  L i t t l e  
B ird  I s la n d  in c lu d e d  one p a r t ic u la r  p art o f  th e  p lo t  in  t h e ir  home ranges 
th e  e a s t - f a c in g  s lo p e  o f  th e  i s la n d . The favored  s lo p e  i s  q u ite  s t e e p ,  
rocJky in  p la c e s , and w e l l  covered  w ith  shrubs — p r im a rily  S p ir a e a . 
P h vsocarpus. and R ib e s . Trap s t a t io n s  w ith  th e  most captures both  on 
th e  m ainland and L i t t l e  B u ll  I s la n d  p l o t s , were s i tu a te d  where the  
ground was l i b e r a l l y  covered  w ith  s t i c k s , tr e e  lim b s , and f a l le n  t r e e s .
In  sp r in g , on th e  w estern  s id e  o f  L i t t l e  B ird I s la n d , tw o -th ird s  
o f  th e  34 cap tu res were in  p e r ip h e ra l tr a p s . H alvorson and Fairman 
( 1961) found no such p re feren ce  —= 5  ̂ per c e n t o f  the captures were in  
th e  c e n tr a l  50 per c e n t o f  th e  tr a p s , and no mouse showed a home range 
r e s t r i c t e d  to  th e  p e r ip h e r a l t r a p s .
I f  th e  p resen ce o f  in c r e a se d  numbers o f  o th er  m ice r e s u l t  in  
sm a lle r  home r a n g e s , then  d e n s ity  and home range s i z e  should  be 
in v e r s e ly  c o r r e la te d , im ply in g  th a t  th e  mice have m u tu ally  e x c lu s iv e  
home r a n g e s . W ith in  each p lo t ,  d e n s ity  in crea sed  each sea so n  o f  the  
s tu d y . On th e  m ainland p l o t , sp r in g  d e n s ity  was 183 per c en t o f  th a t  
o f  th e  p rev iou s summer, w h ile  home range s i z e  o f  s t r i c t l y  on e-season  
anim als d e c lin e d  in  sp r in g  to  5^ per c e n t  o f  the s i z e  o f  f a l l  home 
ran ges (b ased  on four a n im a ls ) . There was no such d ecrease  in  home 
range s i z e  on L i t t l e  B ird I s la n d , where the summer t o  sp rin g  in c r e a se  
in  d e n s ity  was much g r e a te r  than th a t  o f  th e  m ainland p o p u la tio n . At 
t h i s  h ig h er  d e n s i ty ,  how ever, th e  e n t ir e  in h a b ita b le  area was occu p ied .
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Even in  I 9 6 I when d e n s ity  on the w est s id e  o f  the is la n d  was about 18 
m ice per a c r e ,  average home range was 12 ,16?  square f e e t ,  or «279 acre»
The data  su g g e s t  th a t  no mouse occupied  an e x c lu s iv e  home range. 
This a g rees w ith  p rev iou s f in d in g s  ( B la ir ,  1940; B la ir ,  1942; Buckner, 
1966) .  On L i t t l e  B ird Is la n d  th ere  were s i x  double captures : two w ith
two fem ales and fou r w ith  a male and a fem ale . Two o f  th e  double cap­
tu r e s  ap p a ren tly  in v o lv ed  a mother and o f f s p r in g . In both  ca ses the  
young were th r ee  to  four weeks o ld . When r e le a s e d , both the mother 
and young Arom th e  tra p  ran to  th e  same p la c e .
Only in  a few ca ses  were enough cap tures recorded  to  in d ic a te  a 
c e n te r  o f  a c t i v i t y  fo r  a p a r t ic u la r  m ouse, and th e se  cen te rs  d id  n ot  
correspond  c o n s i s t e n t ly  to  any one type o f  te r r a in  or v e g e ta t io n . In  
s e v e r a l  c a se s  m ice were captured two or more tim es in  each o f  two or 
more n o n -ad jacen t t r a p s .
I  found th a t  n o t on ly  are home ranges ir r e g u la r  in  o u t l in e ,  but 
th a t  the range i t s e l f  c o n s is t s  m o stly  o f  a s e r ie s  o f  p a th s , a long  
c e r ta in  o b je c ts  o f  v e g e ta t io n  or t e r r a in . Evidence fo r  t h i s  was the  
b ehavior o f  m ice when r e le a s e d  from h a n d lin g . Mice r e le a s e d  a t  th e  
e x a c t  p o in t  o f  ca p tu r e , or a long  the same lo g ,  ro ck , or o th er  o b je c t  
n e x t to  th e  tr a p , ran w ith ou t h e s i t a t io n .  They s ta y ed  n ex t to  or on 
to p  o f  each  o b je c t  u n t i l  another was reach ed . In  com parison, m ice 
r e le a s e d  two or th ree  f e e t  Arom th e  tra p  lo c a t io n ,  in  th e  open, and 
w ith  no cover  n earby, u s u a lly  rem ained m o tio n le ss  fo r  a few seco n d s , 
th en  wandered in  v a r io u s d ir e c t io n s  u n t i l ,  a p p a ren tly , th ey  reached  
a fa m ilia r  o b je c t .  They ran a lon g  the o b je c t .  O c c a s io n a lly , th ey  
ran r a p id ly  in  any d ir e c t io n  r e le a s e d , o f te n  h id in g  under or in  th e
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f i r s t  ap p rop ria te  c o v e r , w hich may or may n o t have been fa m ilia r . Mice 
r e le a s e d  in  c o v e r , r a th e r  than in  the open, and away from th e  tr a p , 
seemed d is o r ie n te d . They sometim es ran f i r s t  in  one d ir e c t io n  and then  
th e  r e v e r s e .  This was observed even in  ca ses  where prev iou s data showed 
th a t  th e  area  was w e l l  w ith in  th e  mouse®s home ran ge, B la ir  (1940) 
made s im ila r  o b serv a tio n s on p r a ir ie  deer mice „ and fo llo w ed  many to  
apparent r e fu g e s , w hich may p o s s ib ly  have been th e ir  homes, He 
concluded  th a t  each  in d iv id u a l knows w e l l  th e  te r r a in  w ith in  i t s  own 
home ra n g e , b u t ten d s to  fo llo w  c e r ta in  t r a i l s .
More s o p h is t ic a te d  means o f  record in g  mouse movements would 
r e v e a l  w hether or n o t  th e  home range can be measured in  square f e e t  or 
sh ou ld  be measured in  l in e a r  f e e t  o f  t r a i l s  fo llo w ed .
A c t iv i t y
S ea so n a l home range ch an ges, -  On L i t t l e  B ird I s la n d , th ree  
fem ales were trapped enough tim es in  more than one season  to  e s t a b l i s h  
t h e ir  home ranges fo r  more than one se a so n .
On th e  e a s te r n  s id e  o f  th e  i s la n d ,  one mouse showed no change 
from f a l l  t o  sp r in g , w h ile  th e  o th er  s h i f t e d  about 100 f e e t  to  the  
sou th  in  th e  f a l l  and another 100 f e e t  to  th e  sou th  in  sp r in g . In  a l l  
th ree  p o s i t io n s  her range overlapped w ith  th a t  o f  one o th er  mouse.
One fem ale which was captured  o n ly  on a ^0 f o o t  s t r i p  o f  land  on 
th e  p er ip h ery  o f  th e  w estern  s id e  o f  the is la n d  in  summer and f a l l  
(fo u r  ca p tu res) en la rg ed  her range to  in c lu d e  ,283 a cres o f  th e  w estern  
s id e  in  th e  sp r in g .
S h iftin g : and t r a n s ie n c e , -  There are s e v e r a l  r e fe r e n c e s  to  th e  
homing a b i l i t y  o f  P , m anicu latus (G r if fo ,  1961? K endeith , 1944?
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M o rr is0 196?» M-urie* 1931; M arie, 19^3) p and in  g en era l th e  r e s n l t s  show 
th a t :
( i )  I t  i s  n o t  ■unnsTial fo r  a Feromvs eus to  f in d  h is  way back to  h is  
home range a f t e r  b e in g  tra n sp o rted  1 ,000  f e e t  or more.
( i i )  Upon r e le a s e  th ey  wander randomly u n t i l  fa m ilia r  lan d  marks 
are rea ch ed . Then th ey  home by o r ie n ta t io n  to  fa m ilia r  land  marks 
r a th e r  than by o th er  means such as o r ie n ta t io n  to  the sun ,
( i i i )  In  a l l  s tu d ie s  m ales home more s u c c e s s f u l ly  and r a p id ly .
The auth ors m entioned above d isa g re e  on the r e la t iv e  su cc ess  o f  the
d i f f e r e n t  age grou p s.
That m ales are  more s u c c e s s fu l  than fem ales in  homing by landmark 
o r ie n ta t io n  su g g e s ts  th a t  th ey  wander o u ts id e  th e ir  custom ary home ranges 
more fr e q u e n tly  than fem a le s . In  t h is  stu d y  male tr a n s ie n ts  outnumbered 
fem ales on th e  n o n - is o la te d  p lo t s  by e le v e n  to  s i x .  In  the com p lete ly  
trapped s i t u a t i o n .  L i t t l e  B ird I s la n d , the number o f  male and fem ale  
t r a n s ie n t s  on th e  e n t ir e  is la n d  was e q u a l, s i x  and s i x .  However, two 
m a le s , one from e i t h e r  s id e  o f  th e  i s la n d ,  cro ssed  from one s id e  to  the  
o th er  and then  r e tu r n e d . They tr a v e le d  d is ta n c e s  o f  about 500 f e e t  and 
600 f e e t  each  way, s h o r te s t  d ir e c t  lan d  d is ta n c e s .  Two oth er  m ales 
a p p a ren tly  s h i f t e d  t h e ir  home ranges from th e  w estern  s id e  t o  th e  
e a s te r n  s i d e ,  t r a v e l in g  600 f e e t  and ?00 f e e t  one way. Both had been  
l a s t  captured  on th e  w estern  s id e  in  the same tra p  on the northw estern  
p e r ip h e r y , and b oth  moved to  th e  e a s t - f a c in g  s lo p e  o f  th e  e a s te r n  s id e  in  
th e  p e r io d  o f  one w eek.
One young fem ale mouse e v id e n t ly  in c lu d ed  p a rts  o f  both s id e s  o f  
th e  i s la n d  in  her home ran ge , as she had c ro ssed  and retu rn ed  tw ice  in
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fou r  cap tu res over a p er io d  o f  f iv e  w eek s. Maximum d ir e c t  lan d  d is ta n c e  
t r a v e le d  in  t h i s  ca se  was 575 f e e t  each way.
Other than  t h i s , no o th er  fem ales were d e te c te d  c r o ss in g  from one 
s id e  o f  th e  is la n d  to  the o th e r .
S u s c e p t ib i l i t y  to  tra n n in g . -  Given the average o f  w eek ly  p ercentages  
o f  m ales in  the p o p u la tio n s (T able 7)# i t  can be e x p e c ted , i f  m ales and 
fem ales are e q u a lly  s u s c e p t ib le  to  tra p p in g , th a t  th e  p roportion  o f  
m ales captured  w i l l  eq u a l th e  prop ortion  o f  m ales in  th e  p o p u la tio n .
W ith th e  e x c e p tio n s  o f  L i t t l e  B ird  Is la n d  in  the summer and L i t t l e  B u ll  
I s la n d  in  th e  s p r in g , m ales were captured more tim es than e x p ected , 
a lth o u g h  t h i s  d if fe r e n c e  i s  s i g n i f i c a n t  on ly  when th e  t o t a l  number o f  
cap tu res fo r  th e  y ear  on th e  m ainland i s  con sid ered  (p  = .1 0 ) .  In  the  
r e s t  o f  th e  c a s e s , th ere  was a s l i g h t  tendency fo r  m ales to  e n te r  the  
tra p s  more r e a d i ly  than fe m a le s , bu t c e r ta in ly  more in form ation  i s  
need ed .
M o b ilitv . -  More is la n d  mice than m ainland mice were captured more 
than  once in  th e  same tr a p . W hile t h i s  may be on ly  a r e f l e c t io n  o f  
th e  sm a lle r  home range s i z e ,  th ere  was a d e f in i t e  se x  d if fe r e n c e  in  the  
ten d en cy  to  show a c e n te r  o f  a c t i v i t y .  Of the ten  anim als captured  
tw ice  or more in  th e  same tr a p  on L i t t l e  B ird  I s la n d , on ly  two were 
m a le s . On th e  m ain land, two ou t o f  f i v e  were m a les . A l l  four ca ses  on 
L i t t l e  B u ll  I s la n d  were m a le s , bu t t h i s  cou ld  be ex p ected  Arom the  
d is p r o p o r tio n a te  s e x  r a t i o .
Trapping on a d ja cen t is la n d s  was o n ly  c a s u a l, so  the q u e s t io n  o f  
o ver-w ater  tr a n s ie n c e  i s  open. The d is ta n c e s  in v o lv ed  seem p r o h ib it iv e  
(T ab le  1 ) .
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In  g e n e r a l i t  can be s ta te d  th a t  in  t h i s  stu d y , male P, m aniculatus  
were more a c t iv e  than fem ales w ith  r e s p e c t  to  d is ta n c e s  tr a v e le d  and 
tra p s  e n te r e d .
In su la r  Faunal D iv e r s ity
There are two main determ in ing fa c to r s  o f  in su la r  fau n a l d iv e r s i t y ,  
and th e se  seem to  operate to  v a r io u s e x te n ts  in  each case  rep orted  in  the  
l i t e r a t u r e .  I s la n d  area was c o r r e la te d  w ith  d iv e r s i t y  o f  av ifau n as  
among s i x  a r c h ip e la g o s  or o cea n ic  is la n d  groupings (H am ilton and 
R u b in o ff , 1967); a ls o  fo r  a v ifau n as o f  th e  E a st I n d ie s ,  W est I n d ie s ,  
and e a s t  c e n tr a l  P a c i f ic  (H am ilton, B arth , and R u b in o ff, 1964) ; fo r  
la n d  v e r te b r a te s  o f  th e  is la n d s  o f  e a s te r n  Lake M ichigan (H att e t  a l . , 
1948) ; and fo r  th e  fauna o f  P o ly n es ia n  is la n d s  (MacArthur and W ilson , 
1963)0 In  th e  two l a t t e r  w orks, i t  i s  s p e c i f i c a l l y  s ta te d  th a t  s i z e  
per se  i s  n o t th e  determ in ing  f a c t o r ,  but ra th er  the accompanying 
e c o lo g ic a l  changes — s p e c i f i c a l l y  v a r ia t io n  (H att e t  a l . , 1948) or 
in c r e a s e  in  e c o lo g ic a l ly  uniform  area (MacArthur and W ilson , 1963)»
In  o th er  s i t u a t io n s  i s o l a t io n  was b e t t e r  c o r r e la te d  w ith  s p e c ie s  
d iv e r s i t y  than was lan d  area: fo r  is la n d s  in  the G u lf o f  S t .  Lawrence
(Cameron, 1958) , and in  regard  to  the Darwin f in c h e s  in  th e  Galapagos 
A rch ip e la g o  (H am ilton and R u b in o ff , I 967) . In the l a t t e r  c a se ,  
endemism was p r e d ic te d  by n e a r est-n e ig h b o r  i s o l a t io n ,  and s p e c ie s  
abundance was p r e d ic te d  by average i s o l a t i o n ,  or the average d is ta n c e  
t o  a l l  o th er  is la n d s  in  th e  a r c h ip e la g o . The authors p o in t  o u t, 
how ever, th a t  th e  Galapagos s i t u a t io n  i s  a s p e c ia l  ca se  o f  ad ap tive  
r a d ia t io n  o f  a m onophyletic  b ir d  group w ith in  an a rch ip e la g o ; area  was 
more im portant fo r  o th er  o cea n ic  is la n d  grou p in gs.
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In  th e  p r e se n t s tu d y , fau n a l d iv e r s i t y  was n o t c o r r e la te d  w ith  
i s o l a t i o n  from o th er  is la n d s  or th e  m ainland (Table 15)* G en era lly , 
th e  l a r g e s t  i s la n d  (B ig  B u ll)  had the g r e a te s t  mammal d iv e r s i t y ,  and 
th e  sm a ller  is la n d s  had l e s s  d iv e r s i t y  or no mammals a t  a l l .  The one 
e x c e p t io n  was B ig B ird  Is la n d ; the second m ost i s o la t e d  i s la n d ,  and 
th e  second  l a r g e s t ,  y e t  d evo id  o f  mammals. The anim al e co lo g y  o f  the  
i s la n d  d i f f e r s  from a l l  o th ers con sid ered  in  th e  p resen t stu d y , in  
havin g  a v ery  d iv e r s e  and abundant a v ifa u n a .
One o f  th e  L i t t l e  B ird I s la n d  mammal s p e c ie s  (Eutamias ru ficau d u s)  
i s  known to  have been in tro d u ced . The p o s s ib l i t y  e x i s t s  th a t  some 
s p e c ie s  on o th er  is la n d s  were a ls o  in tro d u ced , however no ob serva tion s  
have been made and Table 15 th e r e fo r e  r e f l e c t s  sim ply  the number o f  
s p e c ie s  p r e s e n t .
In  a d d it io n  to  th e  s p e c ie s  counted fo r  the purposes o f  Table 15, 
i t  i s  l i k e l y  th a t  o th ers  are  o c c a s io n a l tr a n s ie n ts  to  th e  is la n d :
Must e l a  v i s o n . Taxidea ta x u s . and Vulnes v u ln e s ,
The s p e c ie s  d iv e r s i t y  from Big B u ll  I s la n d  r ep re sen ts  th e  s i t u a t io n  
e ig h t  y ea rs p r io r  to  th e  p r e se n t stu d y  (Adams, 1959) * W ith the  
b u ild in g  o f  more cab in s on th e  is la n d  and the o c c a s io n a l v i s i t s  o f  
more t o u r i s t s  i t  i s  p o s s ib le  th a t  some o f  the s p e c ie s  no lo n g er  e x i s t  
th e r e .  F igu res from th e  o th er  is la n d s  from prev iou s years are a ls o  
l i k e l y  to  show d i f f e r e n c e s , a lth ou gh  th e y  have n o t been as s tr o n g ly  
a f f e c t e d  by c i v i l i z a t i o n  as has B ig B u ll I s la n d .
In  1953 the w estern  is la n d  o f  Narrows V i l la  supported a M icrotus 
lon g icau d u s p o p u la tio n , a t  l e a s t  one Feromvs e u s . and presumably an 
o c c a s io n a l O d o co ileu s, The M icrotus were trapped to  e x t in c t io n  and
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Table 15* Mammalian Faiona D iv e r s ity ,  
A rea, and I s o la t io n  o f  Is la n d s
L o ca tio n  #  S n e c ie s Area in  a cres
I s o la t io n  
N earest is la n d  Mainland
ML 15
B ig B u ll 7 9 8 .8 0 69O' 2 , 145»
BB 0 2 7 .9 0 370' 4,620»
Bu 3 2 7 .6 0 425' 9 5 0 *
LB 2 3 .5 0 320 ' 3,220»
B a t t le s h ip 1 2 .7 5 4 2 5 » 525'
NV e a s te r n  is la n d 0 2 .6 5 6 9 0 » 1 , 900»
NV w estern  is la n d 3 2 .3 0 6 9 0 » 3,300»
sm a ll is la n d s
e a s t  o f  LB 0 1 .0 0 320 ' 2 . 170»
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have n o t  r ec o lo n iz ed *
The e f f e c t s  o f  e le v a t io n  and topography o f  each is la n d  are  
Tznclear* The la r g e s t  is la n d #  B ig B ull#  a ls o  r i s e s  the h ig h e s t  —
160 f e e t  —  above la k e  le v e l*  L i t t l e  B u ll and B a tt le s h ip  Is la n d s both  
r i s e  about 80 f e e t ,  support s im ila r  v e g e ta t io n , y e t  t h e ir  faunas d i f f e r  
somewhat; an arguement fo r  th e  area — s p e c ie s  d iv e r s i t y  theory*
S m a ller  d e t a i l s  o f  topography may be im portant* For exam ple, the  
s te e p n e s s  o f  th e  p er ip h ery  o f  B a t t le s h ip  I s la n d  would very  l i k e l y  
p reven t O docoileus from go in g  ashore th ere  * A l l  the o th er  is la n d s  
are more a c c e s s ib le *
V e g e ta tio n a l d if fe r e n c e s  are n o t g r e a t  between th e  i s la n d s , and 
s p e c ie s  d iv e r s i t y  i s  probably g r e a te s t  on Big B u ll Island* The two 
i s la n d s  m ost r e c e n t ly  burned (Narrows V i l l a ,  w estern  is la n d ;  and the  
e a s te r n  s id e  o f  L i t t l e  B ird I s la n d )  c u r r e n tly  support on ly  P* 
m a n ic u la tu s . However, t h i s  m ight a ls o  be p r e d ic te d  from t h e ir  s iz e *
Summary
1* Average se a so n a l p o p u la tio n  d e n s i t ie s  fo r  a l l  p lo t s  fo r  the  
y ea r  were between 1*6 and 2*1 m ice per a c r e .
2o The m ainland p lo t  m ice showed ev id en ce  o f  an annual d e n s ity  
c y c l e , w h ile  th e  L i t t l e  B ird I s la n d  p op u la tion  f lu c tu a te d  over a lo n g er  
p er io d  o f  tim e *
3* There was ev id en ce  from th e  two is la n d  p op u la tion s th a t  w in ter  
rep ro d u ctio n  o ccu rs; fu r th e r  work i s  needed on th is*
4* The o n se t  o f  sp r in g  b reed in g  on L i t t l e  B ird Is la n d  appeared  
to  la g  about th ree  weeks behind th a t  o f  the mainland p o p u la tio n , w h ile  
th e  L i t t l e  B u ll I s la n d  p o p u la tio n  appeared t o  la g  even more*
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5* The L i t t l e  B ird  Is la n d  and m ainland p op u la tion s v a r ie d  i n s ig ­
n i f i c a n t l y  a t  th e  *10 l e v e l  around a one to  one se x  r a t io ;  th a t  o f  L i t t l e  
B u ll  I s la n d  co n ta in ed  fa r  more m ales than expected*
6* A l l  p o p u la tio n s were in c r e a s in g  in  s i z e  throughout the s tu d y , 
w ith  rep lacem ent r a te s  b e in g  a b e t t e r  measure o f  p op u la tion  s ta tu s  than  
age s tr u c tu r e*
7* Young anim als were uneven ly  d is tr ib u te d  on L i t t l e  B ird Is la n d  
in  th e  sp r in g  and p o s s ib ly  a ls o  on L i t t l e  B u ll Island*
8* The lo n g e s t - l iv e d  m ice during t h i s  stu d y  were on L i t t l e  B ird
I s la n d , and th e re  was no g e n e r a l se x  d if fe r e n c e  in  lo n g ev ity *
9* Females were g e n e r a lly  h ea v ier  than m ales on a l l  p lo t s ,  and
th e  a d u lt  m ice on b oth  is la n d s  were s i g n i f i c a n t ly  h ea v ier  than th ose
on th e  m ainland p lo t .
1 0 o A lthough c r a n ia l  measurements d id  n o t vary s i g n i f i c a n t ly  among 
th e  few  m ice c o l l e c t e d ,  t a i l  le n g th s  o f  L i t t l e  B u ll I s la n d  mice were 
s i g n i f i c a n t l y  lo n g e r  than th o se  o f  o th er  p lo ts*
11* Average home range s i z e  on both o f  the is la n d s  was s ig n i f i c a n t ly  
l e s s  than on th e  m ain land , w ith  no apparent age and se x  d if fe r e n c e s  
w ith in  each  p lo t*
12* I t  seems l i k e l y  th a t  home range d if fe r e n c e s  are due to  
v e g e ta t io n  d if f e r e n c e s  and th e  presen ce  o f  o th er  mammals *
13* Male m ice were in  g en era l more a c t iv e  than fem ales w ith  
r e s p e c t  to  d is ta n c e s  tr a v e le d  and tim es captured*
14* Sm all mammal d iv e r s i t y  on th e  is la n d s  was n o t c le a r ly  
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